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Plant trait changes of submerged macrophytes in response to ammonium pulses

GUO Peiqin, XIAO Jiajia, GUO Wanxin, LENG Xiwen, SUN Lijun, FU Hui, YUAN Guixiang *
Hunan Provincial Key Laboratory of Rural Ecosystem Health in Dongting Lake Area, Ecology Department, College of Environment and Ecology, Hunan
Agricultural University, Changsha 410128, China

Abstract: Under the background of global climate change, the intensity and frequency of precipitation will change in the
future,, and extreme precipitation events can significantly increase the ammonium content in water column in a short period
of time, which will affect the growth of submerged macrophytes. However, the physiological and morphological response of
submerged macrophytes to different ammonium pulse pattern (i.e., concentration and frequency) is still unclear. Two
common submerged macrophytes (i.e., Vallisneria natans and Hydrilla verticillata) were selected, and different substrates
(i.e., clay and sand) , ammonium pulse patterns (i.e., CK: control, no ammonium addition; P1; low concentration X
high frequency; P2: high concentration X low frequency) and experimental phases ( ammonium pulse phase and release
pulse phase) were set up to assess the effects of different pulse patterns on plant traits and potential effects after pulse
release by measuring plant morphological and physiological traits. The results showed that: (1) Ammonium pulse changed
the morphological and physiological traits of submerged macrophytes, with ammonium pulse pattern of high concentration
and low frequency having the greatest inhibitory effect on plant growth compare to the pattern of low concentration and high

frequency. (2) One month after the release of ammonium pulse, plant biomass of the two species had no difference
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compared to the control, while the physiological traits (e.g., free amino acid and soluble carbohydrate) showed significant
differences compared with the control. These results indicated that the morphological traits were mostly recovered from
ammonium pulse, while the effects on the physiological traits of the submerged macrophytes were still intense and time-
lasting. (3) In the phase of releasing pulse, the free amino acid content of V. natans was still significantly higher than that
of the control, while the free amino acid content of H. verticillata was less different from that of the control, indicating that
the assimilation and turnover efficiency of ammonium was higher in H. verticillata than V. natans. (4) The substrate type
affected the response of physiological traits to ammonium pulse, that is, the change of free amino acid and soluble
carbohydrate contents in sand was larger than that in clay. Therefore, the ammonium pulse effects were closely related to the
pulse concentration and frequency, substrate type, plant species and their morphological and physiological traits. Our
findings highlight the importance of plant physiological traits in assessment of plant environmental adaptability, and provide

scientific reference for the management of submerged macrophytes in lake ecosystems under global climate change.

Key Words; ammonium pulse; submerged macrophyte ; growth morphology; physiological trait
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Table 1 General linear model of different pulse patterns and substrate types on plant traits of V. natans during the phase of ammonium pulse

IR Jik#h Pulse JIGT Substrate ik i JFE B PulsexSubstrate

Plant traits df F P df F P df F P

kAP Plant biomass 2 7.324 0.003 1 1.409 0.245 2 3.127 0.059
PR Plant height 2 6.524 0.005 1 2.033 0.165 2 1.221 0.310
HRK: Root length 2 0.690 0.510 1 0.370 0.548 2 0.013 0.987
Mo /3 F A AGBG 2 1.320 0.283 1 10.672 0.003 2 1.483 0.244
TiF B A FE IR FAA 2 4.766 0.017 1 1.316 0.261 2 1.191 0.319
A EAE SC 2 3.713 0.037 1 0.002 0.963 2 1.212 0.313
TERY Starch 2 4.899 0.015 1 6.319 0.018 2 0.307 0.738

AG:BG. . #i I/ FAYE Above ground and below ground biomass ratio; FAA ; Wi B ILHR Free amino acid;SC; A BB Soluble carbohydrate

R2 FRREK R RA R R EE KK — AR R ST

Table 2 General linear model of different pulse patterns and substrate types on plant traits of V. natans during the phase of release pulse

F TR Jikul Pulse IR Substrate Jik i< PulsexSubstrate

Plant traits df F P df F P df F P

AR )5 Plant biomass 2 1.989 0.156 1 44.494 <0.001 2 0.074 0.929
FE#ES Plant height 2 3.222 0.055 1 2.043 0.164 2 1.143 0.333
MK Root length 2 2.402 0.109 1 4.834 0.036 2 0.651 0.529
Mo b/ F AR AG:BG 2 2.670 0.087 1 30.995 <0.001 2 0.100 0.905
B AR FAA 2 25.110  <0.001 1 13.347 0.001 2 7.008 0.003
AL SRR SC 2 22.174  <0.001 1 151.053 <0.001 2 10.186 <0.001
JER Starch 2 5.924 0.007 1 18.244 <0.001 2 0.265 0.769

2.1.2  EAK O AR B R A R )

FEZ AR B B, ok oA 0 9 B FAA L SCORITTE R & i ATt 38 52, JiC J5 28 U X UE B AT b 25 5 )
(1, P<0.05) ; TEREBR KRB B, Ik A =R o B BE X X5 L FAA SC FITE R & A 5 ), ik A
O AL A B AE X FAA R SC A &M (£ 2, P<0.05)

XTT FAA &6 TERK i B BOF# R Bk i B B, 20 LSBT P1 AN P2 21 5 2538, ik i B 76 A [A) bk o
EPER ) FAA Frig 22 R BUh, X SC & i, @A NK B B LT P1FT P2 41 5 2EIK T X0 JE L A Bk Ik o
BB P1A P2 2 T X RRZE (] 3) o X5 T3Ehs, Bk B P1 A P2 41 5 X6 B2 TG 1 25 25 5 5 e B ok o By Be b
+ P2 AR FXRAL (K 3) , SRR B AR e E FAA BLER  BEAK T SC, XA AL ERD + K T )
T R g U G TR B 2 R AN e i TUERI AR B FEMRBR K b —A~ A S e AR B AT 5 0 B A A 2
S, U BH S AU oo R A R R MRS A IR M A A e R R s Z R
2.2 ANk B A A TR A A B A5
2.2.1 RNk A KL S R

FEZ AN B B, AN TR R A O0 R e A i FIAR AT S 2552 0 (3R 3, P<0.05) 5 ZERRBR Bk B B, ik o
AT BB = 5 AG:BG A W52 B2 kPt 5 )i B 28 R A2 AR X FR ¥ AG:BG A I #5
(24, P<0.05),

GANKMPBY B, BT BRALRT P1 AR LG, P2 XTSRS AR Wi Mk sy R A VR K, i Xt AG:BG TG
SR SRR B B P B M PO P2 ZH BE AR R R i 0 PR R R, A [ bk e RS
FREAIX AR T B 5 b b R AG:BG WEIR T2 1 (&1 4) o W i BE AR 114 22 UK o v R 38
TSRS W Je K 5 LK it B — > H 5 A A B B M RDE A X R VR X 2 L rp SRR U R
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Fig.2 Effects of ammonium pulse patterns, substrate types and experimental phases on morphological traits of V. natans

A BER A B A AR B2 22 53 (P<0.05)

R3S R B A I X B K R — AR Sk M R 3 AR
Table 3  General linear model of different pulse patterns and substrate types on plant traits of H. verticillata during the phase of

ammonium pulse

P LERIN fik it Pulse JIKJ Substrate ik i JFE i PulsexSubstrate

Plant traits df F P df F P dar F P

HipkAE Y Plant biomass 2 3.581 0.042 1 2.487 0.127 2 0.340 0.715
PR Plant height 2 2.286 0.122 1 3.236 0.084 2 0.370 0.694
KK Root length 2 3.615 0.041 1 0.518 0.478 2 0.246 0.784
My /R A Y AG:BG 2 1.390 0.267 1 0.000 0.989 2 1.498 0.242
IR FAA 2 17.653  <0.001 1 7.067 0.013 2 8.541 0.001
ATV R SC 2 4.497 0.021 1 2.108 0.158 2 0.143 0.867
BEKY Starch 2 0.290 0.751 1 0.780 0.385 2 0.897 0.420
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Table 4 General linear model of different pulse patterns and substrate types on plant traits of H. verticillata during the phase of release pulse

HPER Jik it Pulse JIJBT Substrate Jk x5 PulsexSubstrate

Plant traits df F P df F P df F P

YLk )5 Plant biomass 2 1.700 0.203 1 0.245 0.625 2 2.658 0.090
PR Plant height 2 25.398  <0.001 1 2.573 0.121 2 0.508 0.608
K Root length 2 2.006 0.156 1 2.709 0.112 2 0.920 0.412
M b/ Hh R A Y AG:BG 2 4.532 0.021 1 50.836 <0.001 2 4.632 0.019
IR FAA 2 2.891 0.074 1 0.033 0.857 2 0.465 0.633
Al SRS SC 2 0.380 0.688 1 1.947 0.175 2 21.653 <0.001
BERY Starch 2 10.550  <0.001 1 2.426 0.132 2 1.891 0.172

2.2.2  FEBKPOG EA A BREIR B 5 R
AR AWK B, Wk e A BE Y FAA R SC 5 i 0 5 JIC 2R A ik s =X 5 i 2R A () 58 .
VEFIXT B FAA i 5000 (3R 3, P<0.05) 5 TEMR IR Kot BB, Wk s =X0) R BEvE by & i A W s, Jik
S AL 2 AR X SC A B (£ 4, P<0.05)
Jok o B Ik Ak 3 S R T AL b B FAA SR W H A B (R 5) P2 Al SC SR
FXEIN, fEBR KR B, FAA ﬁ%ﬁﬂzﬁ?ﬂlﬂ%&ﬂ%ﬁ%ﬁ,Klﬂﬂﬂdﬂiﬂfﬁiﬁ? FAA SR EZES  Fit B
FrAE P2 AbHEREK WD e P2 AR/ BRAR R Ik o B 1D+ b B BEE B B BT Hm@*%*:ﬂf“
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