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iment. Results showed that the net photosynthetic rate (P,), transpiration rate (T,) and stomatal conductance
(G,) of all lines showed a decreasing trendas soil moisture decreased from 80% FC (field capacity) to 40% FC,
while instantaneous water use efficiency (WUE;) exhibited an increasing trend. At 40% FC, P, values of
transgenic lines were 11. 19—21.58 ymol » m * « s ', significantly (P<C0. 05) higher than that of non-trans-
genic (NT) plants (6. 06 ymol « m * « s '). There were no differences in WUE; among all alfalfa lines and the
SAF line had the highest value (3. 22 pmol » mmol™'). As soil moisture decreased, the initial fluorescence
(F,), maximum photochemical efficiency (F,/F,,) and photochemical quenching coefficient (¢P) values exhibi-
ted declining trends, and actual photochemical efficiency (Ppsy ) and apparent electron transfer efficiency
(ETR) values initially increased and then declined, while non-photochemical quenching coefficient (NPQ) val-
ues showed an increasing trend. The ¢P values of transgenic lines decreased significantly at 50% FC, while that
of NT was 70% FC. Under 40% FC, F,/F, values of transgenic lines were 0. 78—0. 82, and were significantly
higher than that of NT (0. 58). This suggests that the expression of multi-functional genes could improve pho-
tosynthetic properties of Xinjiang Daye to some extent and that transgenic codA is able to sustain a high photo-
synthetic rate, transgenic I60Or line can maintain higher light use ability, transgenic AtABF3 is able to utilize
water more efficiently, while transgenic AtNDPK2 had the highest total biomass production with decreasing
soil moisture,
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Fig. 2 The leaf net photosynthesis rate (P, ), transpiration rate (T,), water use efficiency (WUE;) and
stomatal conductance (G;) of all alfalfa lines under each soil water content
NT: Xinjiang Daye alfalfa;SN: AtNDPK2 Transgenic A_INDPK2 lines; SC:  codA Transgenic codA lines;
SAF. AtABF3 Transgenic AtABF3 lines; SOR:  IbOr Transgenic I6Or lines.
(P<C0.05), (P<C0.05), . Different small letters above the bars indicate signifi-

cant differences between alfalfa lines (P<C0. 05) ; different small letters in bracket show significant differences among soil water contents for each al-

falfa line (P<C0.05). The same below.
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80% FC NT SC T, SN.SAF  SOR(P<0.05),SN T, (P<<0.05),
.SC  SOR T, . 40% FC . 64.2%  74.3%(P<<
0.05);NT SAF T, . 40% FC ,NT.SN
SAF 82.3%.56.4%  82.8% (P<C0.05), SC T, (P<
0.05), ( 2B,
, WUE; . 80% FC ,SN  WUE,
(P<<0.05),SAF  SOR . NT SC, 70% FC ,SC SAF WUE,
(P<<0.05), 60 % 40% FC . WUE, . 40% FC
SAF  WUE, C 20,
80% FC ,NT SC G, ,SAF  SOR SC NT, SN
(P<0.05), .SAF G, . 40% FC . 80 %
FC 89.0%., SN G, . 70% FC . 40% FC
, 80% FC 77.4%(P<<0.05);NT SC G, . 40%
FC .NT SC G, 87.5%  74.4% (P<C0.05),SC G, (P<
0.05), ( 2D,
2.2
2.2.1 (F,) 80% FC F, . 80% FC . 40%
FC .SN . 34. 3% (P<<0.05),SAF 8.1%., SC F, 80%  70%
FC . ., 40% FC , SAF.SC SOR F, . .
NT F, .40% FC 80% FC  0.3%C 1),
1 (F,)
Table 1 Leaf initial fluorescence (F,) values of all alfalfa lines under each soil water content
Lines 80% FC 70% FC 60% FC 50% FC 40% FC
NT 0.07+0.004aCa) 0.06+0.002b(a) 0.05+0.001bc(b) 0.04+0.002c(b) 0.05+0.002bc(b)
SN 0.07+0.001aCa) 0.06740.002b(a) 0.0640.005a(a) 0.04740.001be(b) 0.04740.002c(b)
SC 0.07%£0.002a(a) 0.06+0.002ab(a) 0.052+0.002c(b) 0.04=+0.002bc(b) 0. 05%0. 004abc(b)
SAF 0.06+0.002a(ab) 0.07+0.003a(a) 0.06+0.004a(b) 0.05+0. 004ab(bc) 0.06+0.002a(bc)
SOR 0.0740.001aCa) 0.06-0.001ab(ab) 0.06+0.004ab(ab) 0.06+0.005a(ab) 0.06+0.002ab(b)
(P<C0.05), (P<<
0.05),

Note: Values within a column followed by different small letters indicate significant differences between alfalfa lines under same soil water content
(P<0.05). Different small letters within a row in bracket show significant differences among soil water contents for each alfalfa line (P<0. 05). The

same below.

2.2.2 (F,/F.) 80% FC ,SAF F,/F, NT  SN(P<0.05), SAF
4 (P<<0.05), 40% FC NT SOR F,/F, .
NT F,/F, (P<<0.05), . SAF . SN SC(P<0.05)
C 2,
2.2.3 (Dpsy ) 80% FC NT &y (P<<0.05) ,4 Dpg
. SOR . Dpsp 70% FC . 40% FC

. 40% FC , 80% FC ,NT,.SN.SC,SAF  SOR 85. 7%.
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76.0%.78.8%.68.0%  62.6%(P<C0.05),SOR  @Ppgy SC.SN  NT(P<0.05),SOR SAF
NT By SOR SAF( 3),
2.2.4 (gP) (NPQ) 80% FC qP . NT .
qP 70% FC ., 40% FC . 80% FC JNT,
SN.SC.SAF SOR ¢P 78.0%.65.9%.69.2%.55.8% 51.1%(P<C0.05),SAF  ¢P
SC NT, SOR , SC NT . NT g¢P « D,
2 (F,/Fu)
Table 2 Leaf maximum photochemical efficiency values of PST (F,/F,) values of
all alfalfa lines under each soil water content
Lines 80% FC 70% FC 60% FC 50% FC 40% FC
NT 0.8340.002a(a) 0.8240.002a(ab) 0.8240.003a(b) 0.7040.003d(c) 0.5840.002c(d)
SN 0.8340.002a(a) 0.8240.001a(a) 0.8040.011ab(b) 0.8240. 005ab(a) 0.8240.003a(a)
SC 0.834-0. 003ab(a) 0.8240.003a(ab) 0.8140. 008a(b) 0.8340. 004a(a) 0.8240.012a(b)
SAF 0.8240.003b(a) 0.8040. 002c(ab) 0.7840.010b(c) 0.7940.010c(be) 0.7940.011b(be)
SOR 0.8240.001ab(a) 0.8140.002b(ab) 0.80740. 055ab(b) 0.8040.010be(b) 0.8040. 002ab(b)
3 (Do )
Table 3 Leaf active photochemical efficiency values of PST (@ ) values of
all alfalfa lines under each soil water content
Lines 80% FC 70% FC 60% FC 50% FC 40% FC
NT 0.5740.02b(b) 0.6540.00b(a) 0.3040.02b(c) 0.1940. 04b(d) 0.0840. 02c(e)
SN 0.6140.0lab(a) 0.6340.01b(a) 0.3940. 03a(h) 0.2340.03b(c) 0. 15240. 02bc(d)
SC 0.6240. 02ab(a) 0.6240.01b(a) 0.1240. 00c(c) 0.2540.05b(b) 0.1340. 03be(c)
SAF 0.6140. 02ab(a) 0.6540. 00b(a) 0.3940.01la(bh) 0.3840. 02a(h) 0.1940. 03ab(c)
SOR 0.6340.01a(h) 0.70=£0. 00a(a) 0.414£0.03a(o) 0.41£0. 03a(c) 0.2340.03a(d
4 (qP)
Table 4 Leaf photochemical quenching coefficient of PST (gP) values of
all alfalfa lines under each soil water content
Lines 80% FC 70% FC 60% FC 50% FC 40% FC
NT 0.7340.03a(b) 0.8540.01b(a) 0.5040. 02b(c) 0.4040. 10b(d) 0.1640. 05c(e)
SN 0.78£0.0la(a) 0.84=£0.02b(a) 0.64£0.02a(h) 0.45=£0. 05ab(c) 0.2640. 03ab(d)
SC 0.79+0.02a(a) 0. 8040.02c(a) 0.2640.01cCc) 0.4340.07b(b) 0.2440. 05bc(c)
SAF 0.7840.03a(b) 0.8740.00b(a) 0.6640.0la(c) 0.6340.0la(c) 0.34740. 05ab(d)
SOR 0.8240. 02a(b) 0.9340. 0la(a) 0.6540. 02a(c) 0.6240.02a(c) 0.4040. 04a(d)
80% FC NPQ . ,SAF  SOR NPQ
s 40% FC o NPQ ,NT
SN 50% FC ,SC 60% FC . 40% FC ,NT.SN.SC,
SAF  SOR NPQ 80% FC 489. 4% .606.5% .647. 9% .491.8%  307.0% (P<0.05),
SN  NPQ NT.SOR  SAF(P<C0.05C 5),
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5 (NPQ)
Table 5 Leaf non-photochemical quenching coefficient of PST (NPQ) values of

all alfalfa lines under each soil water content

Lines 80% FC 70% FC 60% FC 50% FC 40% FC

NT 0.0940. 01a(ce) 0.1040. 00ab(c) 0.5540. 05b(bh) 0.760. 06ab(a) 0.5140.03b(b)

SN 0.1040.0la(d) 0.124+0.0la(d) 0.42740. 06bc(c) 0.8340. 06a(a) 0.69+0.05a(b)

SC 0.08+0. 01a(c) 0.08+0.01c(e) 0.90+0. 03a(a) 0.60+0. 09b(b) 0.61+0. 06ab(h)

SAF 0.08+0. 01a(h) 0.08+0.01be(b) 0.36+0. 05¢(a) 0.4040. 06c(a) 0.47+0.06b(a)

SOR 0.1140.02a(c) 0.0940. 01bc(e) 0.3540.07c(b) 0.28740.03c(b) 0.4740.03b(a)
2.2.5 (ETR) 80% FC ,SOR ETR NT(P<{0.05), 4

o ETR . SC  SOR

50% FC . 60% FC ., 40% FC ,NT ETR

121. 6%, SN.SC,.SAF SOR ETR 271.0%.229.0%.395.5%  479.1%

(P<<0.05)C  6),

6 (ETR)
Table 6 Apparent electron transport rate values of PST (ETR) values of

all alfalfa lines under each soil water content

Lines 80% FC 70% FC 60% FC 50% FC 40% FC

NT 9.32+0. 31b(c) 10. 6040, 16b(c) 75. 70744, 88b(a) 48.0249. 04b(b) 20. 65744, 43¢(c)

SN 9.9040. 09ab(d) 10. 3740, 21b(d) 97. 8247, 32a(a) 57.607412. 93b(b) 36.724-4. 00bc(c)
SC 10.10+0. 30ab(c) 10. 2240. 21b(c) 31.27420. 98c(b) 64.5274-7. 3db(a) 33.224-4. 68bc(b)
SAF 9.9040. 34ab(c) 10. 650. 05b(c) 98. 4042, 40a(a) 95. 87+5. 64a(a) 49.05+6. 73ab(b)
SOR 10. 26 0. 16a(c) 11.4740. 09a(c) 104. 50747, 90a(a) 105. 2546. 79a(a) 59. 45747, 35a(b)

2.3
,SN NT, SC SOR NT ., SAF
NT, ; SN , NT(P<C0.05).,4
. SC,SN,SOR  SAF NT 12.3%.36. 5%

29.4% 13.8%(C 3),
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