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¥1 A=EHRFHREAKBEREE (1956—1966 )
Table 1 The average rainfall and its relative average deviation at Jiusan region in

Heilongjiang province (1956—1966)

A 8 £33
1 2 3 4 5 6 7 8 9 10 11 12
Month Total
ok B :
(mm) 3.4 3.2| 6.4|17.8|37.0| 82.4 [115.6 [104.8 | 71.7 1 21.3 | 5.9 | 4.9 |474.4
Rainfall
¥ E
(mm) 1.9 3.0( 3.0(10.0{18.1]39.3]139.8{41.434.112.51 3.5| 3.2 64.3
Average deviation
(%)
Relative average 55.9 |1 93.8 [ 46.9 [ 56.2 | 49.0 | 47.7 | 34.4 [ 39.5 | 47.6 | 58.7 [ 59.3 | 65.3 | 13.6
deviation

I: AZHREEH.
Note: Data from Jiusan Meteorological Station.
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Amount of waser (mm/ 10 days
K (X )
T T
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A1 NEKRE EXHMFEHRRRS TR KL

Fig. 1 The average possible evaporation in comparison With the average rainfall in every
ten days in the fields of spring wheat, soybean and corn

————— /NEHL Spring wheat  ~-———- AE# Soybean
— — — — E3¥H Corn B K Rainfall
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BREK B> TEIE? 1959 S£ERBFFTE S8, X—HIRXEY A KETHNK S THRER
REFTHCERERRN BB R EKFTIR Y, F 95+ SR EE X — X s
K EASERFERXTHERT L BUAENOESEEMREE LG A TIEER
(LR BRI o AT X — HUIX FEK 5070 SIEM A R R K Z BBt R 6L
AXRMBETHE. REFHTBEBERERSKBEYEREKENS VTE, 7€
ERELT, EFEREN 1 RTERERHNERKEEHEE 200 K T MXR
WAl E BB ANE KRN TRERKBRAS FGRASHER,

bR B R A K AT ER IR $h 4R B (6 A R LU 2 59 =] He 28 R B 2 R U1 %
BIREAKE) . /D 88 BEKs RE 50 BK; FOK 30 XK, SENXRAMARNIEH
L, MEBEFERKENSEME. ERHKEDER, BURKRLRAARTX 200 2K E
T, HYTRXMMXEHERKERN 40%L 1, 3MAR I HEE 8 ARG, MFE 4 H]
F 1 ERNB LS, BURKAMA B R BHE 30—200 2K Z[R), SUFEF 4 110 22X,

TR KD ZER PR ZFEKRAMAR RIEDZIER £ RTREERRT +
S EERRICABFILLBHAIMT: 1964 F£RIREKER X 355.7 K, EREHRE/NZR
FABE BX—FFEFIMPER 1 XL BT 234 BREBKY , 8K KK
HTHEARZARR,,/NE—EMNTRGHKE N 201 X, X—FELRXAP/NETR N 498
JT/dHo 1965 SEREKE X 441.3 BK, BT 1964 £, BX—FHEF T HMKN 1 KL/2
LR 82 BRABKSY, TIAMEREKZARR, UBEl 6 A TATSEE TREAER

A

400F

Amount of water
K&( mm)

W2 IEFEAE EXMEKRRMESHOK(ERICKmREA) RRILHER
Fig. 2 'The accumulation curves of water supply in comparison with the possible

evaporation curves in the fields of spring wheat, soybean and corn

ftkE Water supply 000 —e—e— INEMA Z B Evaporation in wheat field
————— KT 7k % & Evaporation in soybean field ———~— FHKHIE KB Evaporation in corn field

1) B XRE, 1959 RAeLFBLFENHLMERSEDRROB L (FHD
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NEET LERREKEER, AN b T 2SR RKNINMAREN, ZREYHN— S 8%
LTRIFOKSEEFEZT, RUEEGEHEZMEMNRE R R ZHELLK
BHEZTFo

HEFLIAA: EASHRENEESEREGT,. IEEYN—EBILIERRES N
K5y Bt48 , MR RIEFEMIE B A Ko ‘

M. ERRENBMIEDEREH

(=) ERRENM

B FEENSERERALSBERNSERE—H. HTERZEHSEEL,
HEE-SENEBBKIIE, MEF-EENEBBKIARE, HAMBRHHN
o UREEVEKINPEANBENBEERE—FFTHKERN L BEKKE R EM
— N FRERIBAR A, RE A AR R R EREE 2 R AK T, L ERESEDHRARE
MmERE R

FERBRAKL, KRBV RB TR 23 1965 4B ,5X—4F 4—6 AR KEN 61.2 B %
(BFE¥H 137 B2XK), BER 1 R EENEREKER 102 BX, X—FRETAER,

FERKEBLIE R ERRKER/DEBTRIZE 1969 4, X—4F 4—6 AREKER Y 106
B, T A NIKEN 159 BX, ZERETHE,

TR GKEBRIEREESEATERROA TR 1961 45X —FREN 1 X+
BRAXIEKEN 194 XK, B 4—6 AREKERN 52 BXK, X—FHRETHR,

RLERIAETTL 74y 00, B R A RNERERERESEFRKHE DE R, 5K
N T EGEE KBRS DEX,

() ERAREMERNFROKR

KPR MRAELL, BATREREIEREE 6 A, ZEFEVEERA/NENHE
EXRE FMEYNER AL SREATEXERERZEAZEM, ERXFHHE
ZRNREREAZ: LAREKITHRZAFARETHENTEHEEES AL (X 3D,
Rt FERR SR R4 T/NET L HTEY B A% P RK S HRAR, MRRE T2,
2. 6 AIER/PEFEAMR—IFENEREET, FEIFEAREKERE, XN KT 25
FEERNZEESENERTEE, FBR™. &5 RAIRHKE, BT/ NERHER
RTEEM, MERREERENBEE N AN, BTAEREEEMBRZETRAEE. 2



3 WEHS: RLEBLKSREZFHFR L 211

R, SRNBEIBMD. 1965 K 1968 M 5 ARKER, FTLLX R E/NERIFN &
HERBEMN, HAERNNETEHREARNERNEERATRE. EHAZE, BOVE
RN H

E/INEARR, P EHEY B EHRE, BTRAK D, AB K TR FHRKNE, BN, B HHE
WE 6 AHATHERR, BIEZXRMABERERNERRE. ERERM 1965
F,NERBTRSRBREANEFBERRERERH _N2Z—B=02—, HAE. £
KEEY R RIFERB - RKE,

%S BEDEEEREROER

Table 5 The effect of spring drought on the growth and yield of spring wheat

F by B F (cm) B N B FRE () =8 (fr/8)
Year Height of plant Grains per ear Wt. of 1000 graihs Yield (jin/mu)
62 8.1 23. . 6
E B &£ 19 9 3.5 30.5 33
1963 99.8 25.0 29.8 441
Normal 1964 120.9 22.7 29.3 498
B & 1965 46.2 8.0 29.7 153
Spring drought 1968 60.1 15.8 29.4 180

* LERBF R,/ NELHEEC S, AHRARX T’
* The data from Jiusan Institute of Agricultural Science
Yield from experimental plot of varieties of spring wheat.

ME 3 FFEHAERBF/NERHARE AE 6 S/EWENNREM&TESH

5000 1500
Q  400- 1400
3
e
T3 3
2.§ 300r oo ~E
£ L&
20 | -
g2 200 200 ¥ g
#w© 2
5! g
o
2 100
3 100
[
c 4 e L 1 A - . 1. i L L L 1 i — 1 A A
1955 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70
H5r
Years

B3 FHENE(BIF65) RS 4—6 ARfiKE (S mEEK) R R

Fig. 3 The yields of spring wheat in relation to the total water supply
(soil water storage plus rainfall) from April to June
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£ 4—6 F BHKE (4—6 BRKBR 5 THBERKBEZR) ZANEN LR, H 1955 %
1970 $E49 16 £Ej], ISR k4 thRL EERRERA 1961, 1965, 1968, 1969 PULE,
XPEE /N P B BAR 4—6 A Rt K B T RS T BIR MK F.

I, RERERHWBMG & RPEERFRUS

B BRI, R EE R KRS PARUANMRB IR LEER, LHE
B 4—6 B B KR, i EFER L LR ERESE B IERE AT, Flm 1956 % 1958 £, Ji
ZHIX 4—6 BREKER BI04 79.4 70 107.2 K BEHTRBFR R (238 & 229 X)), XN
EWMREEEFRR, 1965, 1968, 1969 =4 4—6 AKX B BIH 61.2, 905, 106.3 FEXK,
51956 B 1958 SE AR (L (HRRIA R (4 5124 102, 113, 159 BR)ERRETHR

(=) BERR4ERBRFRHKESR

MRRE 3 WARKRE 4 FiR, WANAIEH4—6 A R KBEENEFBNET LR,
MERTLIEREN 4—6 A RHUKE 280 BXR—-NHBHNA R, H4—6 AuftKE
INT 280 BORK/NEFEBAD TR, BT 280 ZRN/NEZ L BAXE T EKE, B85
300 fr/Ell Eo

280 BRI E—EMEBXAMMEM T ER: 4—6 A RHUKE 280 ZXhAETH
HR 1 KRLIENERKE, BEEETATREEEE N TSR EEEAKELA 50 2
kB, A 280 ZRDET HBUKAKELER ERA 230 22X, X—KERFS54—6 A
NERHAREER 225 X% 3) H—%. Y4 4—6 A BHUKEIKT 280 ZXK, /I
EABAR A L ERE BELUFAIRE K5, FiX 84K 4 88 B RIK, TR F 1
MEBERETRE, BERERBE, LY 4—6 BRIk EIRT 280 2R /NE=
BREIAE TR,

BE, SHKE 230 BXEMEA/NER - FEZREENF R X—HFER, HIKT
RXNKEN, MR ERREAE, NERBEZ ARZEBEU TR FL g
B RS AEBEN, NECTAEaR LV ER , EXFHER T ENREER £ 4.

‘ R LRMTRANSRINEETRESNLREN, ARASHRINESERGS
RERR T

KEB: 4—6 A R KE/NT 230 X,/ NEHEZERE, KERREFEEN 1/3
—1/2, T4YEE, ERE30—50%, FRAEFERNNS0BLUT. RFRELN 1965 £,
1968 4,

HE: 4—6 ASHUKE 230—280 XK, /NEHDHZEE, KENEFHER 2/3
—3/4, LENBE, R AEFENN 60—70% , REFFEM N 1961 £ 1969 £,

BER: 4—6 ARHKE 280320 XK,/ NENARUMZERR, B EIRIER B
B AR RS A B REESY 1956 £, 1962 £,

IEH: 4—6 fBHkE 320—380 &=k, K%Kﬁ,d\iiﬁﬁﬁ KK E=
REFEGy 1963 ££, 1964 £,
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4501
4004
= 350! °
=\ 300 iz
Ex e
-g & 250 Eg
£
2200 e
2= i “I’,
> 1500 ° , £
-4
" 280
1450 180 220 260 300 340 330 420 460

46 AE40KR (mm) " T
Total water supply from April 10 June(mm), Percentage of mean possible raintall (%)

B4 1+—6ARBUKBENEFREXA 5 =M 1954—1970 £ 4—6 A
(1954—1970) K BARIESR AN LR
Fig. 4 The yields of spring wheat in relation Fig. 5 The percentage of mean possible
to total water supply (mm) from April to June rainfall in April-June, 1954—1970, at Jiu-
(1954—1970) san region

(=) MEERBMBRGE

1 4—6 ARdOKBHN: B BRI, REEWN 4—6 A B4tk &, BT LR #F
BEHMNERKETRUREENZNTERE,

T 4—6 B RK BTN, RN BRI RIE Y SR G KPR SMRRR. 4R
BRI IR K ATRIRES , BRI M SR B IFORET 4—6 ARRKBERRRD T, L6
H 4—6 ARKBRRIERMER, XRTHITRER—F 4—6 ARKELZHB LR TR
BRI +AH Ho ETAZSSREBKFERBRELEERETHREITR, B
WARBARR AR R TR RATR/ARD I RIghR. X—EHMEERTKI S
P, RETEGERISSXES ] REEK X T EE. L= 1954—1970
o 4—6 AR K BRIERMBOEESIN: 4—6 AEHMEKE 1349 2K, BERK
Cv0.42, IWZERK Cs0.83, FriGmmAE 5 iR, EHHE 4—6 AREKE S5
T, R R AR RS R I RIERBZIR T 4—6 AFMKEAE K- MEN R
SR, Flin AR QASHX 4—6 ARKEBT 150 Z2XRHFIERN 35%, BiF 100 &
KIRIERN 70% H%5,

BEEMGN 1 %+ EEROKR AT T —F10 A T RLUS LHEE RN 300
RIEBKBZITEMRE. RIEHERM, REN 1R BEKBMITIER 20 BKRAFT
HEREN 1 REEKED, PIMEENNE L REEFBOKEN 150 22X, WH 4
BAFRIRN R 170 ZXKo

2. NEFBRHATIR: LHERE 4—6 ARKBRNKPTRR BRI , ARMHK
H 1k EREN A SRS ERHITTREN 4—6 A KR, Tk L -7/ NEERF
AT TR A LA SOk S R E TR, RIBTR]H 23 4—6 A K&
RIERMBHTHERR A TRER. HEWT:

BLME, % 4—6 A BHUKEET 280 AN ERTRAHBHNTRE L L. WRE
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BA 1 KT B ESUKE )« B2, WAEERE, RE +—6s AKX RET 280—w BX

RRAHRELR, 4—6 5K RE 280—w BTt (MRIER) miTy TR
TR LEB, K2, 4—6 A RKR/NT 280—w RURTHEHIRRED R AR BT HEAETR
TR, P, REAEEREN 1K HROEHOKEY 200 8%, T 4—6 ARARE
5 80 EAMEIR SRR, 4—6 A MK R 80 EAMFERERTAN 84%, &
B, 4—6 FIREKB/INT 80 BORINR R B BRTRINY 16% 0 MK 6 TLLEH, 4%
Bt B 0.7 DR, BIAE (1965, 1968) BRK A T AR BB A K % 0.40—0.69
B, B —E R A T hE(1969) B—E R K AR R (1962); BRREMEY 0.10—
039 b, 6 FEHE S ERKERR, RA—ERAETHE (1961); YEBKAMINT
0108, 6 EHKRARED, Rit, RERRREMESERLREENR, THERL
ARt S BRI F
¥e MEREIKLIETNKBRNENIFERREMESERLTRREMALR

Table 8 Actual situation of the spring drought in comparison with the probability of spring
drought calculated according to the storage of available water within 1 meter depth

of soil during thawing period

3 73]

Year

1955/1956(1957|1958[1959{1960(1961{1962}1963|1964;1965|1966]196711968(1969(1970

J— —_ — [ —— ] ——

R 1 KERAZRKE (mm)
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STUDIES ON MOISTURE REGIME IN BLACK SOILS
IN NORTHERN PART OF NORTH-EAST CHINA

III. On the reliability of water supply for crop growth and the forecast of
spring drought in region of black soils
Shen Shan-min, Qiao Qiao and Zeng Zhao-shun
(Institute of Forestry and Pedology, Academia Sinica)

Summary

The field evaporation process and the annual rate of erop evapo-transpirations in
the experimental fields under local climatic conditions were caleulated by means of an
empirical formula. Comparing data obtained with average raining process and amount
of annual rainfall in the same fields, the results of water balance in black soils under
different crops were obtained. Using these results to evaluate the adequate water supply
to crops, we found that soybean and corn had arather good reliability of water supply,
but as for the spring wheat it appeared somewhat shortage, and was apt to suffer from
drought. The seasonal frozen layer in black soil played an important role in the regula-
tion of water supply, and the spring thaw in the frozen layer was the main source of
water in the earlier stage of plant growth. Factors affecting spring drought were
studied and methods for prediction of spring drought were suggested.




