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ACBE 2 43 6, 8§ S A FERORR REBUR , R FR S B RO S RO R R UL
Fo SERM 90—95 % Mk PP R FIAPH AR A FE AR A, 23K
SRR A AR NPT 1440—1800 20, SEHAE YL RING D5 AMHE
S RIOBBE N, BUEFFROER, WBRTAUER ESEHERRERL
FSE AR R . S S RO IR, B RN SR, KRS R, i AFIAA
FHSE SRR A= B 2 6 AP A R R DA T e — S R R TR 0> ZE IS IR
AHTER Yo |

1L AFSERENAMBEHE (SESFHEXS0 +) XEESRENDRAEFE
h

APHEHREDSREIDRAOE—EERE, HESE2SFHERNEE 2250—
3600 /N 2 [A], SR ARG HI K £ 7E 3000 /N RLE, 0T IR AR B RV IX A 7E 2600
N A, R ESE R EREBX KO H 700 M E A, BRSEELIRE, EED
ERFNH.BERARTESEFLHEX 2 F, MEHEGEHEX 2.88 T ROAR. &
AT REREREEAE LY AR ERHEX 2.12 &, EGHEELTEX 3.05
T+ BERUESHEASESEEHEX 2.4 %, HEHESFHEX 3.46 TR LR
BFe FRENBEVEHEX RS 140—180 T2, EEREWEFHEXE
160—170 F4, MEbl TIHME R AR MR WX 15 P75 EXKE 140—160 FF, L EISELIR
o S EMELEIEEEHEREE 10—40 T+, MAHERAGESEKRE,. BES
TR P8 P I5 K —F EESZ APHAR i fg 160—200 FTEE—H.CRREAMHER FE+E
B Z —, FEE BRI TEY, FEERERDE _SEX AR A WA
BT, WHE Loomis R Williams 1963 4 Xt {EMEK 4 P ¥ GO SR 5 R G H
2k BH B 48 5 e B 5 EK 2 500 RO, EBEXEFI AR RBKLEY
71 %o TEMYAEKEZE, HESFAAMEESEFELEPERZREZMNRSDE
B, 1980), fiH, BLKBEEKE. BMESREVEHKBALUERBAKLEH 71 5,
21 Bk LA BE A 0.65 BF WK HE (Penning de Vries,et al. 1974), MEXE

* AXA 1983 EhEEVEEFSELEARATN2EARBEDFARESEANERA TR ERN
X LfEFETRELEE.
A 19855 7 A 12 BilgZle
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FIARBRAT YRR 46.15 #, XREBRESBIEMBBEEIK, KEERBAZR
HNEEAG THERESE, =2k, HFEERENSaREY, M 4 BIE.5 AAR
BE, FI9 AK. 10 AU MEEEAAE 150 REf. TS B NHER
it 80 K, BINEA 40 ROBSEERE T 10%,30 REBILR AL N 50%0 Xk, 150
REB NG T K BT =T R85 4568.85 %, B REERATR 15% &
TR MG 05 Kty 13540 T W00 P LR 3% 3530.48 oo HH24 FAR 2353.65 AT X
IR AR E KSR EIR. 1982 £ SESH T ARG e
13145 A (UNR BB RS PR LR 5.6 %0 MBEHZRBIIEEN 45%, BPREE
TR 158871 55, HUTHELN 1054145 AFTHERF R bR ESESEEE
RIERRo RUE 1978 5 R B AIBH R 2026.1 FRUBELTE, AT L8EAELE
TREA, BRNEERREE & LR 47.2%,

R # 1978 FRREEEERBOLAEFBHIHEAR, Y= QX 0124 XE H
B Y RBWEFRUT/R); Q Nt B AN MiE st B (R/EX); E=%
FABo FEARKHE, ShAfhEsse b BaEsEaT s ERY 75500 +s
LEALWRECY 0.3 WSFRER, TE, FHXBEEENLAE =B K 4
75500 X 0.124 X 0.3 = 1404.3 A FFo XABFELL - LRSS iR 1978 45
EEECRBLFMEY, BRERAMNRER BB BRI S, STk,
AR AR, R = BB A 25 00 B FE T A W e B 25 40 51 o -

2. AEBEROAREER B BENEDHAE FEXS TSR ES RA M x
RER) AR & =B

HERENAELER BEASEORERSETERME 11 10—40 FR/IE
K'e BT AHSEARE, EHENENSEOAR. ERASHANE MEN S A
162.2=177.3 TR/BEXK 21, RERLK . #4b35E LK RI# S E Az 140—160 2
FEX (FRRLBBRESHANE, 1976), —ERKHEHERANE S REEYE
KRR THRRRRSOES, T =282 /L R EAH, REmik, EEEREDHN
JERERI IR B RRICA GRS, 1982), X EELIRI™ 2026.1 FTEIBEZ A, 15
BRKAL B Hn5e 4 BRER B i B B P B 35 4.3 FF (Albritton 1954) 38, 2026.1 FFreg
Frés By 435.6115 FF+, MEZERARAAHRESBERHERY 5 T
Y TEH6.32F %, Bl B RS REFI FI %24 435.6115 FFF&/63000 P i S
100% = 0.69%, ﬁ%ﬁiﬁﬁf“ifﬁ%‘ﬁ%ﬁn%u.&%%iﬁﬂ@%ﬁﬁﬁné%%fﬂ‘iéw
TS SRR R AR N AT A ) 2—3 %, HEERELNRSEEgR ARG K E R X
13145 AT, Fidr BB A%% 56,523 FF &, MR BEREZEREN B AN ATHASE
R, R = A 0.089% (ERE%, 1980), MABEEERESH AN E
HEBEFHEK 60 5, M4 T457 39789.500 ﬁ?%(iﬂﬂﬁﬁg, 1982)F+ 50, MYEEEFI FE
4 0.14%,

%;‘tféf%ﬁ,izu%ﬁﬂ]&#ﬁi:ﬁﬂﬁ%ﬁﬁﬁ?ﬁ@ﬂ@b 160 T FUEHERH S
?ﬁ@ktﬁﬁ@ﬁf%ﬁﬁﬁ@xﬁﬁﬁﬁﬁzﬁﬁﬁﬁa‘ﬁ’gﬁ‘éi)ﬁ'ﬁ, BEE 10.7 2T ks &3
BB RERETMAAMREN RS 52E0 60%, N EHER 06 T+, B

* 156 «



6.4 {ZF Fo MAIGEERIFHELL 2% THE,H BB BRATFHL 5 = WL R 50%,
MEIRIHAE 30%, MAZMTHRATIVER, RRBRERERY 4.22 Tk, BEA
Jr 4220 F+Ro  FFll, ZFEEZEMM&MA: - 6.400 {7 X 0.02 X 0.50 X (1—0.30)/4220 =
6.4 X 10 X 0.02 X 0.50 X 0.7/4220 = 1061.6 /A FFo

PLE2ARTYR, X EFRM &KLY 14% 4, M E&KRN S

2123.2 + (2123.2 X 14/100) = 2420.45 JT»

JEEEFIAEMRER®E 1%, NEEHTTH™ 12102 T, B4 181535 AT, aJLiES
JEEEF R b RN ROEE R,

EFlEREYEERARERNREREZFHN TERHTRERK. £ KV E, &
BRMBIE DN WAARE MREEEEEDREF ARRABIEET A ER, 7S
KA BEE, ER AR MO PR, AEEHRSEHNASTEE, REET SO
BEBL.EANBEREAILE Lo

3. AEEEENE RS RS nIRnEEENNE SRS

FilEESEELS(FERHSE 0°C), BiREE (3000—4000 %), H BB £ (S
EFE 3000 /NI A ) > KPR SHE B BB K (BE G FH ERAE 140—180 FK)o #EAM
HEHE R, G P ke 55K (400—500 405 RILTEIE(600—700 43k ) 43 31
HRETEHIXE 162.8% F176.9% (HAZR, 1980), BEFBAR/RATIRE RN 58
WEEMN 18.2%, LRI E 6.5%, RIMEE 3.5% (BHE, 1984), XFEFBREYLE KR
B, R0 3 15 U R BRI, SRR AR R, 3 A P R

AR AL KPR S EEAERIME (300—400 Z3K) I (400—700 Fisk )R
Shgk (700—1100 443K) 3 i35y EAIHEBHERKEEEEARRRIER (Leopold and
Kriedemann, 1975)o £LANMERIBBAE YRR ihtk. BT oK EER,
Hh 700—800 Gk pOBANE R AR TR A BEEH, H S H A ERMEE TN
Bitho T (380—710 4usk) e & ERIE SRR LB (610—720 Hk)
BEE (400—510 452K), W4 (510—610 Gk ) RAMBHIBEL (Gates, 1964), L1
BRI THAMEHRE. BELEEELR IBHRERKLE DT R RIME
(315—400 4K ZEB Il BEBR & REZ, BEM Lo, MERE 1 2.6
EMF. MELHFFRRBGEERIFWIER (Chang Jen-hu, 1968),

R S S OR, RO R R R R A AR R & Y
R hnfme RESRIIFRN.

ME1TUEN, REEEERN#EE (dvena Saiva L) BTFHHEHSEROE
MERF. MTREERMUERES LR EATHINRTRETATIE
SHEH P 145.5% EXREFUERBREM TR ER, XTREROHERIGE
HTEE BB AERA—BLLNE L, HETERLEHFFHTERE TIREEM,
BATREHTFHEFEENTN 719%, XFERELERSERCRELEE
(Hillman, et al. 1957), {3 TRSAEREKEONR, BRMEITHIRER. BX
R 38 2 IR 4 B L B A m R A, R RRE S BIR K R 91.3%
90%0 MWk BRENBIEHEEN RTREANSNBRBBL, ERIVIREH T, 2k
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®1 TRAEEARNBAEDEEREROR®T

Table 1 Effects of different shortwave light quality on vegetative growth
of the seedlings Avena sativa,
—HERRRE | BETE/ARR
REB) | gy |10 RESREI| | Ge/mk) | RREHETE
3 il Germination Heioht - bf ke Roots aumber per| The ratio of'dry Bibedatise of
Light quality [|percentage i g(cm) plant, i. e. the avera-jweight and height Beaal of colony
(%) P ige number of rootslof the plant (g/ (%)
per 100 plants’ cm)
o RN | 63.75 T3.87 8.20 0.0720 47.74
Purple light (145.5)" (90.0) (117.1) (110.9) (229.3)
% oa %k 31.50 14.07 7.80 0.0746 48.13
Blue light (71.9) (91.3) (111.4) (114.9) (231.2)
E TNk
GEi) 43.80 15.41 7.00 0.0649 20.82
White light (100) (100) (100) (100) (100)
(Control)

1) BESHIHRFREXNRAES .

The number in round brackets is the control,

R RS RN R 111.4% f1 117.1%, R HEEHAETESKS LR
BV B, AR AR T, SR AERE(FE 1) SEEYH EEH -
B, BTFRALRRROX LR R, 555 RIS M5 55—
(% 2)(HEEZ, 1982),

T2 AEEFEREESNSRELANE EEHSHTRAMLA

Table 2 The ratio of aboveground shoots and underground roots in alpine bushland
and alpine meadow on Qinghai Platean

FEHEPREFR G- XTE ™)
Annual net primary production (gem™?:yr=*)
HMEER N5 K
Vegetation type [Bushland and meadow =M ilRA
L X W BT B/ R The ratio of shoots
Aboveground shoots | Underground roots BBl s
T b R S
3 otentilla fruticosa 176.10 1516.00 1:8.6
Alpine bushland B iand
ER U a :
Kobresia humilis 190.30 582.60 1:3.06
& OE B f& meadow
Alpine meadow .
Elymus nutans 258.20 341.88 1:1.3
meadow

EME 3 PA LA, RESHEERCMELNERT . HREARREL AT
SHEEN R B FEE , TR & B PR R S S B A B
BD (GRRHIRSE, 1982) 0 X EZRMEREIC A (RINHET ME LR AR BET &
BIHIKPo M1 HARZ L EATERENRIEAT, RS ERTRROEER R, Wi
B IR 52 BUPR ] » 13 B A8 o e 22 40 v B 25 P SR BORINBEE & 1 FI AR R IEI A B o
X — P ENE T R 4 FEEDE AR IE T RER KL & B3R D0 i o
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3 ETAXRERT. REHEEERTIEPOEESE

Table 3 The physiological changes of seedling of Avema sativa in the course of
its growth and development caused by different shortwave light qualities

AR 38 q ol & E RS
Different sho.rga\re (%:ﬁcﬁ;\.tﬁof(%h%{'i) Co;fﬁr:&fiﬁble (ISO’. %ﬁ[ﬁ . "J\.H) (R[5 - )
light qualitios  |phyll (mg/L) sugar (%) csgérstc:é/xgn.cﬁgsny Ca(t?r]);j';-ﬁ?nv)ny
l;%rpl?‘ligj}%: 11.16 0.072 0.59 13.20
%ﬁuc%ig}?tﬁ 11.59 0.070 0.89 14.73
I,
\?rjhﬁifjﬁlf;ﬁ 10.87 0.130 1.19 15.30

F4 EREFROO0KLEFLUEHEREDHTELNESEERSE

Table 4 The content of soluble sugars and proteins of alpine cushion plant
in sun ward slope at an alt, over 4000 metres

E%ﬁﬁﬁ%gﬁi E'.‘—I'l"lcgcorfisnlﬁ(;f sﬁuhll: E g B 3 :
Name of alpine cushion plants sugars(%) The content of proteins (%)

. R =2 ¢ :

Stellaria decumbens FEdgew. var. pulvi- 0.1975 7325
nata Edgew
# & =T R ¥ '
Arenaria kansuensis Maxim 0.1950 ge 500
A B B

Sibbaldia macropetala O Muravijeva Rading w773

B, RO HER 4000 KDL iy, SE L ERBRE YT T LMGE
4), ERFA,FARREDNEMEENAN.EOASESETIAEENSE. X
KREEEERZNEERBXEYRERE B LTy LW EAE, TEANR. &
OB E HIFE. REnl, TR0 EERREDRNEN BN BGRE
MERR T — MR ENKE, SRR EDENTTEEGIBRNEZRER, 5IET
BEHXEYFRANBEYRNES, M RIRENE, A EARANKATRE, XA
RS EBX EMERREH T, AARENRERINER. ’

1982 ERMTEH T FiE S FEASHER SR 3 MEE: LR FUIERA S
By RERNTR. IRREEERE e EEEREATIE) ARKERAR
4 RSER L (0.01% . 0.02 %F10.03%) PLEAFAE (GRS 124 300, 400 f1500 EFH),
R RS R R IE R, SR % E (Bromus inermis Leyss.) #1777 Le(3%),3 4
HE, MG ENTERESEREEME T RB(AEN S, 1984), HERRV, BEXER
EELHMEGTIESESAAKERSMIERERAAKY BENEEEZET
BB H e . iR, BetS5ARRERARIEBRETNARKIEEXNEE
EEMPERR RS, RRBREXNE AT R,

: M s APEH, EWErEME 2 TRENKEXS 0.02% B LRt
400 EF K BENES, EAE 913.1 T, LA R (CK, 400 ZF1K) #1K 36.79 % o
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5 HEFRSIER, ILMAFZEN LG EXEFMER

three factors and nine levels of treatments

Table 5 Effects of the Ly(3*) method of positive intercross on herbage yield with

i} = BT BE)*
The factor of treatment Biological yield(jin/mu)
LRARS KA CET
The num- 3 L WE(%) Moisture content B )
ber of expe- Light quality [Concentration(%) (ml) Repetition Py
rimental pots Average
A% B* c* I I
B H
1 1 Blue light e 1 300 886.6 830.2 858.4
2 1 Blue light 2o 0508 2400 893.2 933.,0 913.1
3 1 Blue light 3 0h03 3 500 854.6 952.8 903.7
-CK,(300ml) 456.3
% ak
4 2 Purple light 1 0.01 2 400 433.8 521.8 477.8
5 2 Purple light Fos S0 3 500 - 638.4 638.4
6 2 Purple light 3 0.03 1 300 831.0 619.6 725.3
CK,(400ml) 667.5
FR=CINS
7 3 White light 1001 3 500 638.8 778.2 708.5
3 White light 2 1002 1 300 635.8 648.4 642.1
9 3 White light 37 0.03 2 400 805.8 780.8 793.3
CK,(500ml) 693.2
K, 2675.2 2044.7 2225.8
= 1841.5 2193.6 2184.2
K, 2143.9 2422.3 2250.6
K 891.73 681.57- 741.63
K, 613.83 731,20 728.08
K, 714.63 807.43 750.20
R 277.90 125.86 22.13

A* The different shortwave light quality;
B* The different mixed rare-earth nitrate;
«C* The different moisture content,

* 1j7=500 #(e);

F3LBANKENLS 0.03% EAM LM 500 BFKASNREZ, K 903.7
Fr> EEAERZROR B (CKs 500 ZFH7K) 34 30.37 %6

Mk 5 AR M, TIRE AT 1 KM 3 LB, R R AT 2 KER 3K
SR 3 LB, B, C ZFIME—NMERBAERES), B 3MNKEEEBESTHE
HI—Wo ERERHT A BIIRE CHIH K, Ky Ky ZAIMERETERET AT B
FUBRE CHIAFR R ER. ENE&FhEEFRBEARSR/IMNINE, RRTS
FUZAFRIR RS R AR E =R, BIEFINRE (R), BERK, HIXAHE
RAFREEMB K. ERLKFR Ry > Rs > Reo HERREDER, HRKERRRS
BLERENAR KD FRKEBAHRERE, B 3 MEARIN BERS, 55
B DI R 500 T A0 USRI P BB, H kI 400 BT 300 2Tt

AT HE-SRBRE A BRECHREFBEWHTEY, RITEFTHEIF.
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%6 REFRSIAR, IRBATZENS B

Table 6 Variance analysis on herbage yield with three factors and nine levels of treatments

SEH s = :
B, B K B oS | pame | raE |oF w | swe
Source of variance 2 Freedom Variance F value Significance
quare
% R R
The different shortwave lig- 443965.48 2 221982.74 8.7899 *k
'ht qualities
BEER T HEERE (B)
The different mixed rare- 104839.6133 2 52419,80665 2.0757
earth nitrate
REAL (C)
The diferent maistiite. contonb 33846.6133 2 16923.30665 0.6701
ka2 227288.44 9 25254.27111
= il
Total 809940.1466 15

= 1% HFERT MR EEE BE .

This number is very significant to 1%

M6 PRARRREHEREZHHERTEFE (= 1% R5%) HEE,
Fo.0(2.9) = 8.05F,.05(2.9) = 4.3;

A Fa=8.79; Fy = 2.08; Fc = 0.67, BIRH Fa> Fo'u, Fs 1 Fc B/NF Fog, /T

Fosso BTLAUE, ERITWERAZET, REANAR RN K EFBERIERRERS

EW(x), BEMBEFRERNEERE. BMAEREAWKEXRE, K, >K, >K,

RARE A PE—KFRE. BRERABRLRTD, BEEHRERF RN EwE

Lo

e - X R

FEMFREZNBEASHER . BHRIRBFDER ERAY, 1980, ERSRER—MEBS, 1—13 K,
B Rt
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SOLAR RADIATION AND PRODUCTION OF PLANTS
IN QINGHAI PLATEAU

Zhang Shuyuan Ma Zhangying  Bai Xuefang

(Northwest Plateau Institute of Biology, Academia Sinica)

In this paper we deal with the relationship between solar radiation and production of
plants in Qinghai plateau, according to the total solar radiation of a day (500 Cal. em ™ *-day™),
the total solar radiation of a year (140—180 kcal-cm™®-year™) and the short wave radiation of
Qinghai Plateau. The results are as follows:

1. When the total solar radiation is 500 calories/cm® per day, plants per square metre
form 71 grammes of carbohydrate per day during the growing season (Loomis and Williams
1963). About 0.65 grammes of dry matter are produced, when 1 gramme of carbohydrate is
formed (Penning de Vries, 1974). The greatest dry matter yield per day, per square metre is
46.15 grammes. :

2. The period for green plants on Qinghai plateau from sprouting stage to withering
stage lasts about 150 days or so. The amount of light interception, in 80 days, is 100%, 30 days,
50%, 40 days, 10%. During 150 days 4568.85 grammes of dry matter were produced per square
metre. Roots formed only 15% dry matter per square metre, while aboveground plants yield
3530.48 grammes of dry matter, or the yield of the whole grass is 4707.3 jin per mu. This is
probably the upper limit of grass yield on Qinghai plateau. If the harvest index of plateau spring
wheat in 45%, then 1588.71 grammes per square meter are produced, or 2118.29 jin per mu. This
is perhaps the upper limit of yield of spring wheat on Qinghai plateau.

3. The total of annual solar radiation on each square centimetre is as high as 140—I180
kcalories. However, the utilization ratio of light energy by alpine plants is quite low. For
incidend, the yield of spring wheat per mu is 2026.1 jin in 1978. When 1 gramme carbohyd-
rate is completely burned, the heat produced will be 4.3 kcalories (Albritton, 1954). Then 2026.1
jin only necessitate 4,356,115 kcalories of heat. The total solar radiation per square centimetre
is 95 kcalories during growing season of spring wheat, or 6.3 10” kcalories per mu. The uti-
lization ratio of light energy of this spring wheat is only 0.69%. The grass yield in nature gras-
sland in alpine meadow of Qinghai plateau is 262.9 jin per mu. This means that 565,230 kcalories
of heat has been made use of. The total solar radiation in grassland during growing season is 60
kcalories per square centimetre (Liu Zhonkwi 1982), or 397,895,000 kcalories per mu and the
utilization ratio of light energy of this grass is about 0.14%.

4. If the total of annual solar radiation per square centimetre on Qinghai plateau is 160
kcalories or 10.7X 10° kcalories calculate per mu, the above estimated total solar of annual ra-
diation during the period of growth and development of spring wheat on Qinghai plateau is about
sixty per cent of the radiation of the whole year. i.e.- 96 kcalories per square centimetre. If the
utilization ratio of light energy is 2%, the theoretical commercial yield is about 50%
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as much as biological yield, with 30 per cent of respiration consumption. A large part of dry
matter of spring wheat is starch, the combustible heat of 1 gramme of which is 4.22 kcalories. The
yield of this Ispring wheat is 2123.2 jin per mu. If we added again the moisture content of seed
by 14%, the yield must be 2420.47 jin per mu. If the utilization ratio of light energy raises again
by 1%, the increase in production is 1210.2 jin per mu, the practical yield must be 3630.7 jin per
mu. It is obvions that the enhance in the utilization ratio of light energy of alpine plants is an
important way of increasing yield.

5. Higher elevation (3000—4000 m), cold climatic (the average atmospheric temperature
per year is —1—0°C), longer light period (about 3000 hours in a year), higher total solar radia-
tion (140 to 180 kcalories per square centimetre per year), the percentage of blue-purple light
(400—>500 nm) and red-orange light (600—700 nm) is 162.8% and 76.9% respectively (Hon
Yueqing, 1980). The light energy resources are very rich, the short wave radiation is very strong.
This special ecological environment causes the plants of alpine meadow short and small, and pro-
duces grass of best quality. The biological yield of aboveground part is not hight.

6. In this paper the effects of various ratios of blue light in different shortwaves, with a
combination of different mixed rare-earth nitrates and different moisture content, on the yield
of smooth bromegrass were disccussed, according to maximum yield, analysis of variance, nota-
bility test of F value and the practical yield. The results indicated that the blue light has re-
markable effect in the increase of production. The percentage of production increase is about

36.8%.
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