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Abstract Goldspur Apple Malus pumila cv. Goldspur is one of the main fruit trees planted on the Loess
Plateau in a semi-arid region. Gas exchange parameters in leaves of ten-year-old trees were studied under dif-
ferent soil water conditions with a LI-6200 portable photosynthesis system and a LI-1600 portable steady state
porometer in order to explore the effects of soil water stress on the photosynthesis and the suitable soil water
content SWC for water-saving irrigation of the apple orchard.

The experimental site is located in Tuqiaogou watersheds Yukou town Fangshan county Shanxi
province China a part of a gully-hilly area of Loess Plateau in the middle reaches of the Yellow River. It lies
at 37° 36" 58" N 110°02' 55" E with an average altitude of about 1 200 m and a maximum altitude of 1 446
m. The average annual precipitation is 416.0 mm with the precipitation in June July August and September
being more than 70% of the total amount. Annual potential evaporation is 1 857.7 mm and the greatest evapo-
ration occurs in April to June. The soil belongs to medium soil and lossal soil and the average soil bulk density
is about 1.2 g em™* and mean field capacity FC is approximately 21.0% . In the study on responses of
gas exchange parameters to soil water eighteen apple trees were selected as experimental samples and divided
into six groups three trees per group and signed by I Il [l IV V and VI . The soil water gradient
was obtained in six groups by providing different water supply. During soil water treatment SWC measured
with LNW-50A neutron probe on June 12 June 16 and June 20 1999 were as follows group I 22.4%
18.7% and 16.7% I 20.1% 17.4% and 16.2% [ 18.2% 16.7% and 14.8% [V

15.9% 13.6% and 11.9% V 11.7% 10.5% and 9.6% and VI 6.2% 5.6% and 5.0%

A LI-6200 portable photosynthesis system was used to measure the photosynthesis parameters including
photosynthetic rate P,  stomatal conductance G, and intercellular CO, concentration C;  while at the
same time transpiration rate 7T, was measured with a LI-1600 portable steady state porometer. The water use
efficiency  WUE and stomatal limiting value L, were calculated according to formula WUE = P,/ T, and
L,=1-C;/C,. These gas exchange parameters were measured on the same day that SWC was observed on
June 12 June 16 and June 20 1999 and the duration of observation was at 9:00 — 11:00 am each time.

The results showed that when SWC was within a range about 60% - 86% of field capacity FC P,
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and T, were maintained in a relative steady state and higher level but below 60% — 86% of FC both P, and
T, decreased obviously with decreasing soil moisture. The SWC range to support WUE at a relative steady state
and higher level was about 50% — 71% of FC. When SWC was less than 48% of FC G, and L, declined
with decreasing of soil moisture while C; increased rapidly. Based on the analysis of stomatal limitation of
photosynthesis using two criteria C; and L; suggested by Farquhar and Sharkey it implied that the predomi-
nant cause of restricting P, had turn into non-stomatal limitation under severe water stress. According to the
main intention of water-saving irrigation for enhancing water use efficiency it is concluded that the suitable
range of SWC was about 50% —71% of FC as the most severe degree of soil water stress tolerated for photo-
synthesis was about 48% of FC.

Key words Goldspur apple tree  Net photosynthesis rate Transpiration rate  Water use efficiency Soil wa-
ter content

1998 2000 2000
2001
2000
2000
10 Malus
pumila cv. Goldspur
1991 1998
1998 1997
1999 1
1.1
1998
“ ” 37°
36’ 58" N 110° 02’ 55" E
2000 2000 1200 m
416.0 mm 6~9 70%
1 857.7 mm 4~6
7.3 C 35.6 C
Farquhar & Sharkey -25.3%C 140 d
1997 1998 pH 8.0~8.4
Soil bulk density 1.2 ¢g
- em”? Field capacity FC 21.0%
2000 2001
1.2
10
2000 18 6 Il



68

28

0.5m 1 1 m
1
m 0.2 m
1m
0.2 m
1999 6 10

Soil water content SWC

1999 6 12 SWC 3
1 22.4% 11 20.1% I 18.2% IV
159% V 11.7% VI 6.2% 3d
1999 6 16 20
SwC 3 1 18.7%
16.7% 1l 17. 4% 16.2% 1l 16. 7%
14.8% N 13.6% 11.9% V 10.5% 9.6%
VI 5.6% 5.0% 3
3 SwC 3
5.0% 4.8% 4.7%
1.3
LI-6200 USA Portable photo-

synthesis system
Net photosynthesis rate P, pmolCOy' m™2

S_1 C02

Intercellular CO, concentration

C; pmol mol ™" Stomatal conductance G,
cm s™! Transpira-
tion rate T, mmol H,0 m~2% s~! LI-1600 USA

Portable steady state porometer

Stom-
atal limiting value L, %
Water use efficiency of leaf WUE pmol COy mmol ~!

H,0 L,=1- C;/C, Berry & Dowton
1982 WUE = P,/T, 2000
1997
5 20

60

3

1999 6 10~20
1999 6 12 48 h
3d 1999 6 16
1999 6 20 3
9:00 ~11:00
SwWC LNW-50A
Neutron probe
1.0 m 20 cm
Swc Mass water content
MWC % Relative water content
RWC % SwWC FC
1.4
3
SwC

SPSS  Statistical Program for Social Science
P, T. WUE G, C; L,

SWC 1 2
2
2.1
SWC
P, T, SWC
P, T
lab SWC
12.5% ~ 18.0%
60% ~ 86% RWC P, T
P, T
P, SWC la
P, SWC 16.0%
RWC  76% SWC  16.0%
T. SWC
1b T,
SWC 17.0% RWC 81%
2.2
WUE J I
le SWC WUE
“ S” SWC
10.5% WUE SWC  10.5% ~



1 69
18 ¢ o €O, Ci
6 b ° 2 Swc 10.0% ~ 16.0% RWC
S r 48% ~ 76 % G,
o 12 b
= C; 2a b L, 2c
5" 10
S .l SWC 10.0% 6. I,
€ 6 , 2a b C; 2c
2 4 Py =-0.107660"+3473 90 -13.381
& R'=09214 Py la
7+
Farquhar &
0 1 1 1 1 1 1 1 1 1 1
2 4 6 8 10 12 14 16 18 20 22 24 Sharkey 1982 1997
SWC  10.0% RWC  48%
12 r 10 1
b Ooo a
I o @ o %
~ 10 o o 08 o © ?§ °go &°
SN -~ 00 "% 8RS
E W 06 I 09 %%
= g
= 6 I 2
S s 04 F °
E 4 |} © o &
E 3 2 oo
-0.00236° +0.03346°+0.851 94-2.9312 02 +
S oot 2 ’ ©
R°=09237
0 10 N . . . N \ L L N | 0.0 n ! L 1 L 1 1 ) ) )
2 4 6 8 10 12 14 16 18 20 22 24 2 46 10 12 14 16 18 20 22 24
024
18 r b
~ ¢ 04
Q16 oo oo 389’ %o 020 r
T 8°%o o @° %
54| ge o ° & ¢ %o
S 1 . & o 3016 | o 0P o6
¢ ° = oo ° ee °o °
6 12 f o ,q’ o (o]
&) 012 r o o QO%p
g 10 t o
2 008 o
808 o
S
06 i 1 i 1 1 Il 1 1 e 1 J 004 * ' * * ! * : * * !
) 2 4 6 10 12 14 16 18 20 22 24
2 4 6 8 10 12 14 16 18 20 22 24
SHC (%)
370
1 P, T, WUE SWC c
Fig.1 Responses of P, T, and WUE in apple leaves to SWC 360 ©
P, Net photosynthetic rate T, Transpiration —~ 350
= o
rate  WUE Water use efficiency SWC ) o %,
Soil water content E 340 1 00 °8 ooo
g L o 00,9 ©°
3 30 o 0 oP o°90
15.0% RWC 50% ~ 71 WUE - °
% % % S 30 o°o° % @ &o
310
WUE
300 1 1 1 1 1 1. 1 1 L )
Swe 15.0% WUE 2 4 6 10 12 14 16 18 20 22 24
SwWC 17% RWC  81% SHC (%)
WUE
2 C; L, G, SwC
2.3 CO, Fig.2 Response of C; L, and G, in apple leaves to SWC
C; CO, Intercellular CO, concentration L
Stomatal limitation G, Stomatal conductance SWC
GX LX

Soil water content



70

28

3
2001
- - 1998
1997
RWC
60% ~ 80% 1997
la P,
RWC 60% ~86% SWC 12.5% ~ 18%
RWC
76% SWC 16%
T, b T
RWC  81% SwWC 17.0%
WUE
le RWC 1% SWC
15.0% T, WUE
SwcC 17% RWC 81%
WUE T.
RWC 71%

WUE

1998 2000

1998

WUE P

WUE
1998 1999
RWC
1998
RWC 50%
10.5% ~15.0%
WUE le

60% ~T71% SWC
P

WUE SwC
WUE P

1991

2
RWC  55% ~15%
RWC  60% ~80%

1988

RWC  40% ~ 60%

2000

CO,

CO, WUE

WUE

40% ~ 60%
WUE

~ 1% SWC

RWC

12.5% ~15.0%
n SwC

WUE

2002

1999  CO,



71

Farquhar & Sharkey 1982
1997 1998

G, CO,

CO,
PSTI RuBP
FBPaes RuBP

2000

428% SWC 10.0% P, G

la 2a L, C;
2b ¢ P,

WUE RWC
48% SWC 10.0%

WUE
RWC  50% le

Berry,J. A. & W. J. S. Dowton. 1982. Environment regulation of
photosynthesis. In: Covind, J. ed. Photosynthesis. Vol. II .
New York: Academic Press. 263 ~ 342.

Cao, H. ( ), Y. P. Lan ( ) & F. Gao ( ).
2000. Effects of water stress in soil on photosynthetic rate of spur
apple trees. Journal of Shanxi Agricultural University (

), 20: 356 ~359. (in Chinese with English abstract)

Chen, Y. M. ( ), J. S. Sun ( ) & J. F. Xiao (

). 1997. Studies on soil moisture controlling standard of
water-saving irrigation. Trrigation and Drainage ( ), 16
(1): 24 ~28. (in Chinese with English abstract)

Farquhar, G. D. & T. D. Sharkey. 1982. Stomatal conductance

and photosynthesis. Annual Review of Plant Physiology, 33: 317

~345.
Huang, Z. B. (

water use efficiency of crops and its mechanism. Journal of Soil

). 1998. Effect of limited water supply on

Erosion and Soil and Water Conservation (
), 4(3): 92~93. (in Chinese with English abstract)

Huang, Z. B. ( ) & L. Shan ( ). 1997. Diurnal
change of water use efficiency of spring wheat and its physio-eco-
logical bases. Chinese Journal of Applied Ecology (

), 8: 263 ~269. (in Chinese with English abstract)
Jie, Y. L.( ), H. Q. Yang ( ) & M. G. Cui (
). 2001. Relation between soil water content and water use
efficiency of apple leaves. Chinese Journal of Applied Ecology
( ), 12: 387 ~ 390. (in Chinese with English
abstract)

Jing, R. L. ( ).
study on crop drought resistance. Agricultural Research in the
Arid Areas ( ), 17(2): 79 ~85. (in Chi-
nese with English abstract)

Li, H. S.( ). 2001. Modern plant physiology. Beijing:
China Higher Education Press. 85 ~ 183. (in Chinese)

Li, Y. ( ), D. Q. Li( ) & H. C.Pan ( ).
1998. Study on the leaf cell turgor maintenance and its influence

1999. Present situation and approach of

on leaf photosynthesis and growth of apple trees under drought

stress. Journal of Fruit Science ( ), 15: 289 ~ 292.
(in Chinese with English abstract)

Liang, Z. S. ( ), S. Z. Kang ( ) &J. F. Gao (

). 1999. Plant sensation and transduction of root signals

and regulation of water use in dry soil condition. Agricultural Re-
search in the Arid Areas ( ), 17(2): 72~
78. (in Chinese with English abstract)

Liu, F. J.( ).
water-consumption for transpiration in poplar. Scientia Silvae

), 33: 117~ 126. (in Chinese with English

1997. Studies on comparison of measuring

Sinicae (
abstract)
Liu, W. Z.( ).
duction, water consumption and water use efficiency. Journal of
), 13: 23 ~ 27. (in Chinese

1998. Dynamic interrelations of crop pro-

Natural Resources (
with English abstract)

Ma, Z. M. ( ). 1998. Studies on the relationship between
crop and water under limited irrigation. Agricultural Research in
the Arid Areas ( ), 16(2): 75~79. (in
Chinese with English abstract)

Qu, G. M. ( ), X. Shen ( ) & H. X. Wang (

). 2000. Effect of fruit on water use efficiency of apple trees
under soil drought. Agricultural Research in the Arid Areas (
), 18(2): 86~90. (in Chinese with English
abstract)

Shan, L. ( ) & P. Y. Chen ( ). 1998. Physio-eco-
logical bases of dryland agriculture. Beijing: Science Press. 1~
17, 159 ~ 173. (in Chinese)

Shan, L. ( ) & M. Xu (
ture and its physio-ecological bases. Chinese Journal of Applied

). 1991. Water-saving agricul-

Ecology ( ), 2: 70 ~ 76. (in Chinese with Eng-
lish abstract)
Shan, L. ( ). 1993. Theory and practice of dryland agriculture

in Loess Plateau. Beijing: Science Press. 215 ~ 229. (in Chi-

nese)



72

Shen, Y. G.( ). 1998. Dynamic photosynthesis. Beijing:
Science Press. 130 ~ 132. (in Chinese)

Wang, H. X. ( ) & C. M. Liu ( ). 2000. Ad-
vances in crop water use efficiency research. Advances Water

Science ( ), 11: 99 ~ 104. (in Chinese with English
abstract)

Wang, K. Q. ( ) & B.R. Wang ( ). 2002. The
water use efficiency of Goldspur apple tree. Acta Ecologica Sinica
( ), 22: 723 ~ 728. (in Chinese with English ah-
stract)

Wang, W. Y. ( ). 1988. Research on water consumption

and irrigation of apple tree in northern China. Irigation and

Drainage ( ), 7(3): 15~20. (in Chinese with Eng-
lish abstract)
Wei, H. ( ), K. Lin ( ) & F. M. Li ( ). 2000.

Effects of limited irrigation on the root development of spring
wheat in semi-arid region. Acta Phytoecologica Sinica (
), 24: 106 ~ 110. (in Chinese with English abstract)
Xu, C. X.( ) &Y. P. Ma ( ). 2000. Studies on
the reaction of apple to water stress and its water-saving irriga-

tion. Journal of Nanjing Agricultural Technology College (

28
), 16(2): 15 ~22. (in Chinese with English ab-
stract)
Xu, D. Q.( ). 1997. Some problems in stomatal limitation

analysis of photosynthesis. Plant Physiology Communications (
), 33: 241 ~244. (in Chinese)
Yang, W. B.( ), J. M. Ren ( ) & C. P. Jia (
). 1997. Study on the relationship between physiological e-
cology of drought-resistance in Caragana korshinskii and soil wa-
ter. Acta Ecologica Sinica ( ), 17: 239 ~ 244. (in
Chinese with English abstract)

Zhang, L. X. ( ) & Z. L. Zhao ( ). 2001. Re-
search on water management pattern in Fuji apple orchard under
different annual precipitations on Weibei rainfed highland. Agri-
cultural Research in the Arid Areas ( ), 19
(1): 26 ~32. (in Chinese with English abstract)

Zhang, X. Y. ( ), D. Pei ( ) & M. Z. You (

). 2000. Response of leaf water potential, photosynthesis and
stomatal conductance to varying soil moisture in four crops: winter
wheat, corn, sorghum and millet. Acta Phytoecologica Sinica
( ), 24: 280 ~ 283. (in Chinese with English
abstract)



