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Fig.1 Air temperature,rainfall and Pan evaporation at field experiment station during
winter wheat growing season
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Fig.3 Effects of different fertilization levels on seasonal changes in soil water extraction
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Table1 Changes in water transports of different fertilization treatments in SPAC!’
at the growth period of winter wheat

® = H ¥
Date of measurement 65 129 193 223 257
(DAS??)
X 5 B
Air temperature 11,5 7.2 8.3 19,5 27.5
(@ oD
X K oK %
Water potential of water vapor in -1338,97 —1784,26 ~1288.41 ~2998,91 -1120,84
the atmosphere (bars)
¥ F W OER B X
Photon flux density 856,1 1306 304.7 1781 1679
(tmol+s 2+571)
o ®m ok %
Soil water potential -3,67 -5,53 -3.88 -6,58 -5,39
(bars)
Leaf water potential -17.15  -22,53 -11,60 -18,84 -30,17
(bars)
CK
X | A
Stomatal resistance 6.112 155.3 9,056 20,40 2,420
(Secm™1)
X B B E
Transpiration rate 1,366 0,080 1,058 1,068 7,191
(ugH,Ocm™2s71)
+ ;oK B
Soil water potential -3,23 -4.,79 -3,62 -5,75 ~5,61
(bars)
n.i‘
Leaf water potential -17.67 — 23,56 -10,08 -18,84 -29,50
(bars)
MF
g L | &I
Stomatal resistance 5,228 150,7 7.778 20,78 2.416
(S.em™)
B OB K
Transpiration rate 1,558 0,076 1,248 1,036 6,997
(ugH,Ocm™2s7%)
+ @ oK B
Soil water potential -3.,09 - 4,28 - 3,40 -~ 5,47 - 6,22
(bars)
M.
Leaf water potential —17.67 —24.07 -12.22 -21,87 - 30,57
(bars)
HF
X L | oA
Stomatal resistance 5.212 141.7 7.842 22,40 2,384
(S.cm™1)
B OB OE
Transpiration rate 1.630 0.083 1.314 0.904 6.952
(ugH;O0cm™2s™1)
—3) | B ) =3)
Remarks LLESS fine Cloudy Fine WHE=

1) SPAC: Soil-Plant-Atmosphere Continnums 2) BRHERE

occasiona! clouds,

Days After Sowings 8) Fine with
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(09:00 MELER), IS ICA TR H /K AE T, BNRREHERE; MRS
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Table2 Effects of different fertilization treatments on leaf water potential of winter wheat

W B Wz R K R | ks | DI CK MF HF
Date of [Time of| Air | Water Photon ik
measure-|measure-| tempe- POte}?tlal flux |TIAKI| PEKE [ ROKE Wk e S aRIES
in the ) Soil Leaf Soil Leaf Soil Leaf |Rem-
ment ment rature atr(né)sp};ere (den(s;ty water water | water water water . water "
ars bmd*_ |potentiallpotentialipotentialjpotential|potentialipotentia k
(DASY| (B N m™2+s™)| (bars) | (bars) | (bars) | (bars) | (bars) | (bars) arss
02100 4.5 |-727.59 | 107.2 |_ -6.90 | _ -3.35 | _ -5.57 | B
193143200 8.3 |-1288.41 | 30407 | 7388 {-ii.60| ~3+621-11 08| ~3+%% |-12.22 |Cloudy
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(BT B — R A 4 B 85 72 R A E B M T AR R B 4—5 £ AT,

YR S A B AS (B 5) e H— DR ILAEL R, Mol
LRI, FERNE A ET RN, G R LR IR R B A E R
K (R LT S AL PR SE IR R L R 4 By 2.61,2.90 12,59 g dwem™Ped ™), H]
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Fig.4 Effects of different fertilization levels on EHEmEIELNER
seasonal changes in leaf area indices of winter Fig.5 Effects of different fertilization levels
wheat grown in the field on seasonal changes in net assimilation rates

(based on growth analysis of above ground
biomass) of winter wheat grown in the field
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Fig.6 Effects of different fertilization -4
levels on above ground dry matter ace- Fig.7 Effects of different fertilization levels on
umulation of winter wheat grown in ET (derived from soil water contents and rainf-
the field alls) and T (derived from transpiration rates) accu-

mulations of winter wheat grown in the field

Pl 5 8 e m i B AR B M E R BRI AR S, B, R ]
BERINE MR B FEK , B RS K | TIE AT . X EES ISR QMmN E
M BT R

2. R HERBAK SExf 53 A& /NZE 7K oF

=7 T T T T T T T T T
FURSE (WUE) MBI H4AE  Eo okl |
o SRR ET Rk TRk (B Bl oM ]
8 MR, ERAMEHALEE g | ru
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Hrergin, RAEET higin B HEERRRTYR £ (£ 3), Fik, ET XRE&,
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& 3 TEKERKEXNEBSNEKSHBRRLNEM

Table 8 Effects of different fertilization levels on water use efficiency of
winter wheat under dryland conditions

i |
CK MF HF
Treatment
ey R
Above ground biomass 261,58 +25,92A 325,53 £22,83B 381,14 £ 25,31C
(kg/mu)
Fheg a
Seed yield 73,72+£10,22A 96,11+ 12.81% 114,75 % 6.75f3
(kg/mu)
ET (mm) 301.83 310,00 317,08
EHETH A (L FHET % & Mean
LEYRIT) ET efficiency 1,026 1,279 1,429
Mean ET effi- (kg/mm+mu)
fmency(;)ienved R
rom above 8107 | percent of incre- — 24.65 39,28
und biomass) ase( %)
ETH# % (LU= ET ok
B3 ET efficie- ET efficiency 0,244 0.310 0,362
ncy(derived from (kg/mm *mu)
seed yield) WMIME 5=
Percent of increase — 27,05 48,36
(%)
T
(f5% {4 Estimation value) 109.91 160.46 201,51
(mm)
FTHRE( MG B BEy R
Mean T efficiency(derived from
above ground biomass) 3.183 8.147 2.948
(kg/mm *mu)
He BRI B
Harvest index 28,18 29,52 30,11
(%)

% R FEE SSR ERFE. a. by AREP<0.05,A B.CR% P-0,01 Treatment effects were
assessed by SSR statistical analysis.a.b,c reprzsented P<(0,05.and A.B,C,P<0,01,
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Fig.9 Effects of different fertilization levels on the relations of dry matter pro-
duction jo ET and T of winter wheat grown in the field

1, ¥=9.775+3.162x r=0,9991** 2, y=T7.257+3.053x r=0,9971** 3, y=
22,085+2,610x r=0,9986°* 4, y=—85,167+2,078x r=0,9889"* 5, ¥=
-110,510+1,595x r=0,9789** 6, y=-119.588+2,060x r=0,9808**
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IR RS, AR REN, IEEA R R SR BN, XMERRRE
S, T LM TR 8 (140 om) o EIERTVRIE 8K S M0 B M T B 20 1 AR
RIIR R AR, BIA/NERCHR , JEIEAL N KSR TR (B 8). W,
7K 4 B g T DL AR T S b O R RTR U B Bt T DR R PR K 53
MBS o =Bl —RE LR, TAZRN, MR ERm LT
K T AL R R R R — S, BN R — S
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RS, % B EIRRHE M R E R T IO /e, TG B L R B T
ERE. AT , FEIERHE K S0 B 2 B A AR — 3K 25 B VU , KSR B MR
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S F L I MR RIE L L3R B 4R IR R A2, ) TR K IR, E R4 SO
FH AT PR K 5 AT 2500 U100, A N TR R PR AR 4 A K BT A R
KBRS0, 8 R ET R AR N A AR ST B SR R B LR R A L
HEHFLBEY, Xt RN A BRSO R R T . BARITRATE
ZNER R LR B WK B R0, FEX/NE LT AR, ML 2
it B -8R 2 W T K4y TR ML B AT o IRAL B (3% 8)e MG IE AL B 33
KB BART X T, BRI FTER % 140 em (B 8 ). XA R M6 AAE (Rik
K NERR R A KB o

SAREYE KN EERE. ARB GE1) EH, A IS TENERAT,
W RE 3 A2, FUBRL 77, B/ FE SR B 5 T 34 - /K 38R0 A /K SRR B, WA S/ 5L
BT, KSR BER . KA AT, MR 25 I 1 P B SRR B 0B T A% —
Blo FBIMEAES KN BE TR R K A7 T 1, BB R BA R KA T
TRt F- SR AE 7 , 3 B384 R R KSR 2

MR ERAMEBNERER, FHIEEEHE RS K ERM A ER(E ),
KT 2 P K 5 58— T T » 3 A M T BT 36 T, 0D T 36 2R 7K, R T
AW, AT B 38R, BRI R R — R . Hi, PR K
YRR T 078 P D BRI T AR MO A 8

s, M AT I A 4R 7 R K 3, AT 4788 Ko O 2 s AR AT
SR IR A R AE T1 s VR R bR P R S 4, 8 B AR A B TR IR B SR, X P4
TR TR 38R FH 7K S R B AT RS “DUIBIR K B PE o ESh, s MEIE S R SR T
BULIELE M B30, B &30 , IR R P R P B B0 (56 8), B, /KM FIRCR

=. MEARF SPAC thk 435580 B 1

SPACHIRIKSEZTTH Tr= - A9/R (Tr %38 8 B, A9 RKHE B, R M
91) Kfik. ZRBEER (5 1) 20,2 3 KB RS KBEER , WK
PRIFE R 5 34+ ORISR S IR, JE B TR IR P K 3SR 2 BB SR B s 22 BT — 150
T, BRFERE R 1+ MK S8 BN T AR Fr R 38, 6 - K BRI Fr kB 280
(LB P RO A TR B 25 K I 22 7K 93 DR IR B BEL 130 » O 5 SSCFLBEL 7 s, B
o, Tr MR K, T BET, BAIRIR S LK S, W I P K%, 5L i fond
FrTED I 7K B 250K L AEL I B TR IR 2280/ 8 7 LM - B3 e R B A S AL
BL AR, B, Tr J/he B3 TSRRBRIMNOK , -F 0 AR BBE ) B 3 K, (B4
BV S0 I b+ SRR T NS 21, BMEIELUR , M R Bk i K 5
SEEHPE JI BT - RS BB ok e T S A R LR R S, M AL
BUATCR RN R IR P e BVBE MBS BL R AR , B RTHE S, B M RE B
MR BRI K5 T (R E BAe R Ak B, Taylor U134, ngUdi i /R 7E
PR AK S BERT 16 26 T 2 K RAT R B, (I BRIAIPE R AR 9. Passioura 1121 48 (i,
T TR B T PEL 7 2 B 4 A BRI 7K BE R LT ELZESE A B0, 578 250F 2 72 LL AR
S TR P . RATNIT R IE R T X — B, SR, Bk SRR



4 B, KR AT B N KA R R AR K T 341

A R T (35 1), DAUERES 7K o) 2 BHG S 0 BE J7 3 R 7R ST R A
Ho '

KRR, S MR A Ay 5 RS K S, BRI RSB BT (H10. ERK
IR AR S I KRR A SRS R, T RAERE IR K5 R R BER

b5 E A#E Beiiing summer time 223DAS 258DAS 5
=]
17:06 21:00 01:00 05:00 68:00 13:00 07:00 11:00 15:00 19:00 =Ly
;/ T T T T Tl T 1/ 1 1T 1T 1 (1 ?’- & %2
AN . 3 .—
3 oY /,P\o_.o 41200 fj S E
= on SO , -0 & E©
. ~ * o A
= d_,o’ ~0” \o\ O ® ~+-2000 ¥ §%
B Yo - 2400 $ 8 &
- \ - e
- g ~4 —2800 =4
“o---0 K uz £
- 7 -~ -
ol a
£% o
- 0
3 g . 5P
B2 4k e
" w B Ar
%\E E © 3r L) /\\
®a i Vg
S 2\ N
4 \ ..
&% [N od “-0‘-;;7;.'.‘6.'—"—"—';9‘/” S—p - .
=~ O - g
2
N - 30 ©
74 W
= / s =
u do = &
- = &
= [¢] a\\ - - 15 T;?)
- R 10 o
€ 8, S . ha
- e’ oorbgooe ° E
or -10 g
- i oo . b
< 3 %‘ -
E %
L 1t : .
R A= _i6f oL -
%y 5 g \e--0::9 &
8 _nl-a ,_2:8 Q\;_ ~
- ; Yo
= —ol N0, N
g Ve
3 28 ~ QA
= CK:-6.58 CK:—5.38 -
Mk # (ban MF: —5.75 MF: - 5.61
Soil water potential HF: —-5.47 HF:~6.22

E10 R FREHEA TR EEL N SPAC k4 BH BRLHYH

Fig.,10 Effects of different fertilization levels on the daily cycles of water tran-
sport in the SPAC of winter wheat grown in the field

wQws CK  --@--: MF  —H—: HF CK. MF, HF: R H2 See Fig.2

SABT R, ERMANET , SPAC diKkS B EIH XA ER 11 UK BRA
R, 0 F K SR , RS K Bt s , KSR IR HL, BB HREAL R R
KA KR FE 3 24 R KR , KSR DRI AR B HME T, B, BBEAR
SR, [F B B R /K A5 KAE i

i RS TR L, KO BB R - R R EE Z R (SR, T B R



342

A 5 WA s 16

B~ RS ZIEX BT AREN . AL, AR TERRIIE L — N5k
o BUL, M+ H-BY- K S AR MAER IR BRI RER AE AR ENS B,

[13
L21]
£sa]
L412
(51

L71

£81

o]

f10]

L11]
L1217

[13]

L14]

L15]

[16]

$ £ X B

Bl R EmWAEBEA, 1987, MY EBRETRES. BEHHMH R, 4—8,

WiBH, 1985: BAERLPWABEMRLEE LM, FEBKRVHR, 2:56—71,

MKW, 1963 KREXWRUHERERA LD Z L EBNEH, HP2M, 2(3)303—319,

HE¥. HRME, 1986 AMRREEE T WEAS, HYEBLER, 1:51—53,

BRE., RF. B R, BEL, 1987, BEARSRESERSEFRRPHER, TERRERE
9L, 2:58—66,

R, B, 1980 MEBTHRTFBAGTEXESRNDPERE RS ERWEN, FRBREVHE
95, 3:86—93,

Blizzard, W. E, & Boyer, J. S. 1980: Comparative resistance of the sod and the plant to
water transport, Plant Physiol, 66: 809—814,

Brown, P. J, 1972: Water use and soil water depletion by dry land wheat as affected by nitr-
ogen fertilization. Agron. J. 63: 43—46,

Brown, S. C., Keatinges J. D. H., Gregory, P. J. & Coopers P. J. M. 1987: Effects of
fertilizer, variety and location on barley production under rainfed conditions in northern Syria.
1. Root and shoot growth, Field Crops Res. 16: 53—66,

Campbell, C. A., Cameron, D. R., Nicholiachuk, W. & Davidson, H. R. 1977: Effects of
fertitizer N and soil moisture on growth, N content, and moisture use by spring wheat. Can.
J. Soil Sei. 57; 289—310,

Milburn, J. A, 1979: Water Flow in Plants, Longman Inc. New York, 193—194.

Passiora, J. B, 1982: Water in the soil-plant-atmosphere continuum. In Lan es O, L. et al,
(eds) Eacyclopedia of Plant Physiology. New Series. Vol, 12B. Physiological Plant Ecology.
Il. Water Relations and Carbon Assimilation, Springer-Verlag-Berlin Heideberg, 5—33,

Philip, J. R, 1966: Plant water relations: some physical aspects. Ann.” Rev, Plant Physiol.
17: 245—268,

Power, J. F, 1983: Soil management for efficient water uses Soil fertility, In Taylor, H., M.
et al. (eds) Limitations to Efficient Water Use in Crop Production. ASA-CSSA-SSSA USA,
87—113, .

Ramig, R. E. & Rhoades, H. F. 1963: Interrelationship of soil moisture level at planting time
and nitrogen fertilization on winter wheat production. Agron. J. 5§5: 123-127,

Taylor, H, M, 1983: Managing rooting systems for efficient water use: An overview. In Tayl-
ors H, M. et al.(eds) Limitations to Efficient Water Use in Crop Production. ASA-CSSA-
SSSA USA, 87—113,



A B B, AR R TR S N KA R R E 343

EFFECTS OF DIFFERENT FERTILIZATION LEVELS ON
WATER USE EFFICIENCY OF WINTER WHEAT UNDER
DRYLAND CONDITIONS

Zhao Li-xin Jing Jia-hai Wang Shao-tang
(Group Plant Physiol, & Biochem., Northwestern Agri. Unil)

Abstract

Experiments were carried out to study the effects of different fertili-
zation levels on water use efficiency (WUE) of winter wheat (Triticum
aestivum cv, Shaanhe No.6) grown in the field under dryland conditions
at Luojiawa, Chengcheng, Shaanxi in 1987—1988 to explore the physiol-
ogical mechanism of“regulating water using fertilizer”, The results showed
that: (1) Fertilization on dryland raised not only soil water content, but
also soil water potential, thus increased water use, (2) Fertilization on
dryland increased leaf area of winter wheat, delayed leaf senescence, thus
reduced soil evaporation, increased the potential of water-use by transpi-
ration and the potential of photosynthesis, However, the net assimilation
rate was apparantly not significantly affected. (3) Fertilization increased
total water use (ET) and water-use by transpiration (T) of winter wheat
under dryland conditions, increased above ground biomass yield and grain
yield, so that WUE of winter wheat was improved, (4) Fertilization has
the effect of regulation to winter wheat underrdryland conditions, making
the plants more efficient in water economy, and hence more adaptable to

drought enviroment,

Key words Winter wheat; Regulating water using fertilizer; Water

use efficiency; Soil water potential



