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Table 1. Treatments description (chamber number, climate regime and threshold EC), range

of all
season daily minimum relative humidity (RH) and global radiation (Rad), and all season
mean minimum and maximum daily air temperatures (in bracketts). RV=Roof ventilation;

SH=Shading; WP=Wet pad. Set points for climate control are described in Appendix 1.
(Y3199 ©IND) DIDPRN ININ MDA DIV VD .1 NYIV

Tr Climate | Thres EC | Min. RH | Daily radiation | Temperature C°

(Chm) | regime (dS/m) (%) (MJ/m?) Leaf Air

1 RV 5.5 20-70 (50) | - (22.1) 16.6-28.8 (22.0)
2 SH 2.7 19-84 (54) | 1-23 (8.2) (21.5) 16.4-28.6 (21.6)
3 RV 2.7 24-82 (59) | 2-20 (12.3) (21.6) 16.5-28.5 (21.7)
4 SH 4.0 20-79 (56) | 2-16 (8.4) (21.5) 16.6-28.2 (21.8)
5 RV 4.0 18-79 (55) | 1-25 (12.2) (22.0) 16.6-29.2 (22.0)




6 WP 2.7 27-88 (64) | 2-19 (123) | (21.1) | 16.4-26.6 (21.1)

7 WP 4.0 19-96 (64) | 120 (12.4) | (21.2) | 16.5-26.5 (21.1)

NSV NTTIA MPYND DN 1) KN7H 2 PN (H7) -1 NIRVIAN) NP PPYNN MIND Yap)
,OPD NPV 15 -5 8 Pa Ny D93 PPYNN MR L(PTIN YSNN NOVY YN DINYN NOVIVO
TIN5 OV YTH OVN YD MNTI NDMHN NDMIM TP M, NAVAV M .AYPYI NN P2 MINN

NYOIN NOMNA NNYY) Mawa oya .EC -m pH -n 002 y170) 1nn> 'Y 24 Tuna Ny 90 DD
C1 ;95002 172 SO4 - PLONPaN »Yponx) N .nonna 0nvn Y55 HYw non nyaph
NNNA-1TY NANY VM K -y Na ,;omuN 1yvaa Mn -y Zn ,Fe Mg ,Ca B ;20mPo01

5¥ 5121 NNV Y12 INNRYD WX (DINID DI ,DOHY) YNNN I9IN DY NPHDID MPIIN .P8IVIVA
S (INNN M+ NI NNNINA IRYN ,TPNDIID + TIAPIN NNMINT DNPLP) NXNINA YN IINN

NN T NHSN AN CL -n 50 ANINND 0N DIRNND DINPH INNRY 159 NPRYIN MP>Tan
V2N NNPIN YV HODIN

2IVINSIN

D277 D2219°03 D5N77 SN

N) Monn NNt EC -0 qo n»oy oy 7 nnnna (RH) monn mindn (RV) 1 99X qaowna
-2 90 T NAPN D92 IR MMIT D PIND MNMVIVNVA STANN NPT NP OO (5,3 ,1 NN, 1
10% -52 RH -n nx ndyn (7,6 ©xN,WP) N5 7m0 .(2 9N) 5.5 8 4 EC -5 nxnwna (3 xn) 2.7 EC
nNNYN1

PN NYOSAN TON 91902 PIND MNVINL .EC -n ™20 parapy 57an 8OY (1 9»¥N) SH - RV-H
I OOWTINA (2 R) EC -1 5190 Hw nyawn KO NON 1IN 21900 NRNWNL 871D 2-1 -1 MM
12990 (3 9R) 5.5 EC -aw 1o ¥7n 1 -51 noy) nndn 2.7 EC -1 ©5yn n7vonv RV 590 oy
125 2.7 EC 5102w 1 pa nnvn 4 EC 51902 1OYN NMVINNY . 1IRD NNMVINVH MWW ININI D)
PIND MNVINVY MNT PN NOYN MMV SH - WP »™»mMava /o8t 5.5 EC )10av i
N DTN 5.5-14.0 -5 2.7 -n RV 519021 EC -n 90 NN (2 - 3 ©IVR) NOMON NOPN 93 TIND
NN NNOYM (DYTHN T DI Y¥INN) 50% -1 56 -5 59% -n 5110 kN2 N (RH) monn mndn
- 21.6 -1 NYNINNN NOYN NNVINYV

AURD NP DM NN PINYN Nymnn RH -1 WP 51903 (1 nbav) nnxnna 87 22.1-) 22.0
A1) 1 =52 9N N9 NN NYSIIND PIND 9NVY (NNPNRNNL ,54% - 59 ,64) SH -1 RV »ova
Y1 0T 7T Y , RV -y WP o95190avw 11 30% -2 N5 nmdn SH 51902 ndvaoan nydapn
(1 152:1 4 N)




MIINDNN MOIND )PON
Dy MDNN DYDY T 2002 979N 90N HNN 1INYI 7-2 DV MDNN NNTNY EC -n qo Ay
TPYRIA PIIWIN 0N TW (/0787 5.5 ,RV) 1 5101 .15309nnn TIvn 2220 /10/0787 0.5+ DY NPVo
DYV 1) NOVAYA EC -1 2 wrann (5 9PN) /o787 1.0 £ v EC -2 m7nm H2nvoo

NY2) (6 9PNR) pH -2 1PN .AMXY NN DPYN DY TYNN 92T 10/078T 0.5 DY NOY XY DINWN
12292 NPINY MTNINN

10
09
08
07
061 1
057 1 |
04717

RH (%)

03
02

011

00 I I I I I I I I I I I I I I

13/6/02 12/6/0212/710211/8/02 10/9/0210/101020/11/02.9/12002 8/1/03 712003 9/3/03 8/4/03 815103 7/6/03 7/7/03




10
09
08
07

RH (%)

04
03

021
AR}

00

13/5102 12/610212/710211/8102 10/9/10210110/029111/02 /12102 811103 712103 913103 814103 815103 716103 7/7103

05T 11

o6 {41 ol

B A LN |

Fig. 1. Daytime relative humidity (RH) in seven studied treatments (chl-to-ch7) along the
experiment. Treatment are described in Table 1 [file RosBsrClimate2002 3.xIs].
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Fig. 2. Daytime mean air temperature in seven studied treatments (chl-to-ch7) along the

experiment [file RosBsrClimate2002 3.xls].
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Fig. 3. Daily mean leaf temperature in seven studied treatments (chl-to-ch7) along the

experiment [file RosBsrClimate2002 3.xls].
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Fig. 4. Global radiation above canopy height in treatments 2-to-6 (ch2-to-ch7) along the
experiment [file RosBsrClimate2002 3.xls].
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Fig. 5. Daily mean emitter and drainage solution EC in studied treatments (1-to-7) as a
function of time. Solution sampled for 24 h then analyzed /File RoseBsrElem020703.xis]
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Fig. 6. Daily mean pH of emitter and drainage solutions in treatments 1-to-7as a function
of time. Solutions sampled for 24 h then analyzed [File RoseBsrElem020703.xls].
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Fig. 7. Emitter solution NOs-N and NHy4-N concentration as a function of time and treatment

(1-to-7). Solution sampled for 24 h then analyzed [file RoseBsrElem20703.xls].
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Table 2. Concentration of elements that accumulated in recycled solutions as a function of
threshold EC values. The concentrations are emitter solutions averaged over last 4 months of
growth. Fresh water ion concentrations varied by +20% around the mean.

D»NPN DN 0N DONINN 0>39YN .EC -N 90 01902 NDMINL 1IAVNNY DIPN 1D .2 NIV
DN QN D)X 1721 792 DIPAPNN DINDIN 21T DININKN DIVWTIND NYAIN TYNI DOYINNDN

Threshold | Elements accumulating in recycled solutions

EC (dS/m) | Cl SOy B Na Ca Mg
Last 4 months means, mg/L
2.7 500 135 0.16 300 100 65
4.0 800 200 0.26 500 125 100
5.5 1200 276 0.31 700 150 140
Fresh water | 180 60 0.1 100 57 28
ININ) 22D

(8 X)) m/orxT 2.7 Hw EC q0n 15% -2 Ma) 595 5110 ymy /0787 4 v EC 90 WP 5oova
NN NN /o787 5.5 5w EC Q0 .mnw im0 qon Mmoo »nva »Hoon 20 SH -y RV "»9va
2.7 5w EC qua (SH) 75580 .(RV 5)9%90) 239% -2 /0787 2.7 WX 4.0 902 DRNYNA DO N
EC 992 .8%-6 -2 (D)2 1072) Xovw) RV X WP -5 nixnwna 0on190 7O 9120 NN 0NN 10/078T
) 7 990w PN (8 91NR) NNRNNA,SH -y RV »a by 22% -1 9% 5w 1m> WP -5 o /0787 4.0 b
MOADIN NPT MHNN DY ONIIN NP OPINN NP MDA 191910 91N AN v (WP, EC 4.0
93 MR 1) (1 192V) (WP2.7) 6 999003 12.3 nmyd MJ/m” 12.4 1A 11 NYSINND 101N
TY TYNI XIM 2002 920VO0 ID2 DV MIXPNN DY RLINNDY DNN 7 NV DY PNINNIY YDDON D1N
EC 90 09prn 990 nuiowa .0t ¥ 6 -) 7 D190V DINPN ONY 10N INND .2003 NI )0
ND /DVNT 2.7 Q02 RNV 30% -2 (11”70 70) D¥NIND DXNIAN D12 NN NN N/07ST 4.0 DY
5v EC 902 5120 701 5% -2 Yy Ty X1 ,NON 0190 P21 (170 40) DINP DXNI9 91222 T7a0 7N
23% -5 NOY NNT TN NXAPA D17 D70 40 THNI DN 190N NPIN PYY NP ND/D7NT 5.5
N WP 519005 nnnvina 0:n9 NPY 093 (RV) 2 99x nnny EC nn9a (8 91N) 9550 Drynn
DTV MNID VAR TIY PIDN APV NIMDY NNXI DN NPYY ISP TAN (8 9vN) SH

(1 71520) WP H»»)1905 nxnwina 871 0.5 -52 nim2x nndn RV 5901 nyximnnn nbyn n1vionvy
i 21.7 -1 21.0 ,20.9 PN (RV) m/o787 2.7 -1 4 5.5 Dy EC 90 1901 y3mnn NN Gy Dpwun

SpYnn .(3 N9aV) NINNNA N0/ 0.39 -1 0.40 ,0.44 7PN (DXNION TO YHINN) TN DTN HpwNn
0.53 -9 TV 17D 40 -N OINP DAY 17D/ 0.35 -10) NN IV TNN POY DY NOY TN NTPHY
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ND D9VN .N7D/7) 0.38 -1 0.40 ,0.41 1N DIV THIN NN D¥DAPNN DWOPWNN ; (MN/078T 4.0 -)
12 ¥) NDNN NNPN DI 19 DY DIYNINNN DI (9 TPR) DIYPIN I0IP DY XMIYNYN 19IND WV

YSION) NNRYT NN OOYPIN TNR DY Nyavwinn .NIxNNa ,WP4.0 -y SH2.7 ©o)90a nrn 22.4 -1 21.4

2003 Yo wTIiNa /0787 5.5 EC 90 5190 1m0 1917 N3P (D190 DNIN 10710 32.8 -Y 32.0 Hv
(9 APR) DINNN DINDVY NNNYNL DOYPON TVIPY THX NN N2 DN TNV

DOV DPXT 27903 MTID? 11957
DY OPNVYN DNND DAY Yoya Mg -1 Na ,Cl »115 nd1ind nnoan (ECy) EC -0 9o nxoyn
Mn >4 (Twnna N 200 ET -0 nYapnn 1a) RV 5901 .0na Mn -n 15 nnnany 3.9.02
WP 5901 0»239n 0 Zn -y K ,P N 113w 7iya SH wx WP 51905 nxnwina oomay »n Cl -
ECr -2 Dy (14.3.03) >IN (3 ND2V) NNMT NIPN DOYPIL MTIDN 11D DY DNV NYIVN
Fe ,K ,P N »m>»9 nx nMHm 09wy onNa o9y »ya Ca -y Na ,Cl »i> nx 1o Hn
X WP 51905 nxnwna nspna 05ma1x »n 00ya Mg -y Mn >no>1 RV 5901 .0na Mn 1hynn
N DYYN DY ONYOVYND DNV VP NN DYWPOI MTIDN D Dy Dovn nyown .SH
D2y Ooya K P N 1151 (16.7.03) »Y0N DPOA .(4 NDAV) NNYT NIdN AYOYNN NN TN DX
WP -y RV 0%9pN »Mowna ECy,: 7Yy 0y 179 Mn -1 Ca ; ECyye 27 DY 1231 19182 19N 0NN
DOPNRN MVYN NYDYa ECy,: 10y oy >»mynwn 19xa 1oy Cl -y yavin XY Na ,(SH -1 XY N)
INID NYN NIINDNN NDANA VXN MDY MIND NIYIN YPON 1D PPN (5 NYIV)
ya P -y N onoi 019n 5120 ymy 7 51902 )TPON DY 13 DY DNDY IMNI0NNY 1IN DY MINNNH
C1 1197 My 7PN Mn 11597 91Hn 9120 1MV 1 51902 ;0299 1N NDNN DY DIPNVH DINY

NN DIV YPAI MTIDNN 11D DY DINDVN NYAWN (7 919702 0.32 % NNYD 0.53) *270 NN
(5 NY2V) DYOYIY 1Y NNYT

DYpPa 0Yyn Toa Cl , Mg ,Ca »115 .(6 NY2V) DHYN NN T NPVIN NNWYY) NDNN DYDA
PN OINRN IPRNDD MTIO NIY TV 10V POLPN dNYI TWURND DOYN NNNI INY DM PN
K -2 ; 90p »ay »5y0 nxnwina 90y omax »n ody nny »myaxa Mg ,Ca P N 1oy .oomT

(7 N920V) MY PN ONNHN DXNY DHYN NNXL DX Cl -1 Na -2y Ton 10 a8nn



Number of flowering stems/25 m2 ground

Number of flowering stems/25 m2 ground

1400 -

1200 +

800

400 -

200 -

15

Up to 40 cm rose flower yield
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50-60 cm flower yield
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Longer than 70 cm flower yield
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o = t-3 (10 25/000N19 DXMY 190N) 1955 912 = TY ([1] IXNWN) DI .3 PN KIPN TUNN

M F 79y X)) mLovvo 0pnam Yo omTpnm Snn L(13.5.02) 9Popn noNnn 1nbny
Fommonn 70N Y53 (Manonn

TY=alt+a2t?+a3t’ +adt*+a [1]
Parameter TR 1 TR 2 TR 3 TR 4 TR 5 TR 6 TR 7
al 11.410 5.947 8.343 11.1295 | 10.975 16.080 16.539
tep 0655 0618 0 604 0 590 0601 0571 0725
a2 0.1071 0.1467 0.1565 0.1178 0.1575 0.0764 0.1280
ts.e 0.0064 0.0061 0.0059 0.0058 0.0059 0.0056 0.071
F 4]5*** | 58GF*F* | 7O0F** | 4]5F*k*R | 7] EEE | [Q7HEEER | 3D gEE*
a3 - - - - - - -
ts.e 0.00002 | 0.00002 | 0.00002 | 0.00002 | 0.00002 | 0.00002 | 0.00002
F S57%%% | 9O2*** | JIQFEE | TgHE¥E | [DQQF*K | §OQFR*E | T()G***
a4 6.923E- | 8.143E- | 9.032E- | 7.061E- | 9.700E- | 6.168E- | 8.838E-
ts.e 2.683E- | 2.531FE- | 2.472E- | 2.414E- | 2.461E- | 2.338E- | 2.970E-
F 6O6*** | JO35*** | [335%F* | §55KkFE | [ S5LREE | 6QGFFE | Q7 KAk
a 89.3324 | 151.558 | 155941 | 144.881 | 114.159 | 152.297 | 198.597
ts.e 19.216 18.131 17.70 17.29 17.62 16.74 21.25
F 21.6%%% | 69.9%** | 77 6*** | 7). 2F¥¥*k | ] Q¥¥k | §2 THREKE | Q7 JwEk*
R?> model | 0.9981 0.9985 0.9987 0.9987 0.9989 0.9988 0.9987
F model 29289** | 38398** | 52541** | 45175%* | 52756** | 49456** | 43050**

A t-test can be used to evaluate whether treatments differ in any given polynomial
parameter. The 95% confidence limit = [parameter value]+tyg7s*s.e. From t distribution
Table and for 56 degrees of freedom (number of harvests-1) tg75=2.0 (applies to all
treatments and parameters). Example: The 95% confidence limit for parameter al in Tr 1 =
11.41£2.0*0.655 and in Tr 5 = 10.975+£2.0*0.601. Since the lower limit of Trl is less than
the upper limit of Tr 5 (10.1 vs. 12.18) the two treatments do not differ at the 95%
probability level
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30 40
E —_
E 20 OMay02 g 30 @ Mayo2
et
9 EAug02 = HAug02
[ c
e OJan03 S 20 OJan03
S 4l DApro3 5 OApr03
° MJulo3 ke W Julo3
=3 >
m @ 10
0 4
N A N N A A \e) 04
D Vv D ' 2 3 O
@Q b&q ¢§2~“ go‘\ 0529 ffo‘)‘ & 7WP4.0 6WP2.7 5RV4.0 4SH4.0 3RV2.7 2SH2.7 1RV5.5

Treatment Treatment




19

Fig. 9. Bud length and diameter as a function of treatment (e.g. 7WP2.7 = Tr number 7, WP,
threshold EC 2.7 dS/m) and time in year (monthly average).

MYN YTIND) 919702 MYNI DXPNYH DXV DOYPON TNNI TP .9 IV

(D>TYI1 NVDY) T DY NP9 Y93¥1 DIYPO DY) ,000¥2 MTID N .5 ,4,3 MNDIV

Tables 3, 4, 5. Treatment effects on element concentration in rose cut flowers

Table 3. Element concentration in rose harvested flowering stems (3.9.02)

Tr

1RVS.5
2SH2.7
3RV2.7
4SH4.0
5RV4.0
6WP2.7
TWP4.0

RV
WP
SH

EC2.7
EC4.0

1RVS.5
2SH2.7
3RV2.7
4SH4.0
5RV4.0
6WP2.7
TWP4.0

RV
WP
SH

EC2.7
EC4.0

N

1.56
1.70
1.57
1.64
1.88
1.75
1.99

1.7310.22
1.83+0.17
1.6710.04

1.67%0.09
1.84%0.18

1.80
1.90
1.91
1.92
1.85
2.15
2.01

1.88%0.04
2.08+0.10
1.91£0.01

199£0.14
1.93%0.08

P

0.19
0.20
0.21
0.22
0.23
0.20
0.30

0.22+0.01
0.25+0.07
0.21+0.01

0.20+0.09
0.25+0.04

0.25
0.25
0.27
0.26
0.26
0.29
0.28

0.26+0.01
0.28+0.01
0.25+0.01

0.27+0.02
0.27+0.01

K

2.17
2.49
2.09
2.17
2.49
2.33
2.74

2.29+0.28
2.53+0.29
2.33+0.23

2.30%0.20
2.47+0.29

2.17
2.25
2.17
2.25
2.09
2.33
2.33

2.13+0.06
2.33+0.10
2.25+010

2.25%0.08
2.22+0.12

Ca Mg Na
g/100 g
Leaves
1.85 0.34 0.54
1.53 0.31 0.50
1.53 0.32 0.44
1.49 0.37 0.50
1.50 0.34 0.52
1.56 0.30 0.44
1.59 0.36 0.54

ECthr means (% st. dev)
.52+0.02  0.33%0.01 0.48%0.06
58+0.02  0.33£0.04  0.49%0.07
5120.03  0.34%0.04  0.50%0.02

Climate means (+ st. dev)
.54+0.02  0.31£0.01 0.46+0.04
53%0.06 0.36%£0.02  0.52%0.02

—_— -

—_

Buds
0.46 0.26 0.37
0.49 0.24 0.39
0.41 0.27 0.37
0.43 0.25 0.39
0.46 0.26 0.37
0.34 0.24 0.41
0.44 0.25 0.41

Climate means (% st. dev)
0.43£0.04 0.26%0.01  0.37%0.01
0.39£0.07 0.24£0.01  0.41%0.10
0.46£0.04 0.24%0.01  0.390.02

ECthr means (£ st. dev)

0.41+0.07  0.25+£0.02 0.39%0.0.02

0.44+0.02  0.25£0.01  0.39%0.02

Cl

0.62
0.25
0.28
0.39
0.42
0.22
0.30

0.350.10
0.26%0.06
0.32%0.10

0.25%0.03
0.37%0.06

0.11
0.08
0.08
0.10
0.06
0.11
0.07

0.07%0.01
0.09%0.03
0.09£0.01

0.09£0.02
0.08%0.02

Fe

168
228
165
223
148
173
235

156£12
204+44
22544

189+34
20247

35
40
78
63
130
168
63

10437
11574
52+16

95466
85+39

Zn
mg/kg

45
30
38
33
43
38
55

40+35
4612
32+2

35+5
44+11

40
43
35
40
48
53
55

4149
54+2
41£2

4419
48+7

290
305
320
283
300
320
210

310£14
26578
294x16

3159
264+48

70
83
95
80
88
80
58

915
69+15
81+2

8618
7515

YO NOXIND L(2 NADI) NN DY NNNNN YAINN DY DMVOMINT DYHY D) IPTI) NDNN DPDA
NHNNN PONA DXHYY IN DPVOMINTN DIDYY NRNYNA DD PN DIDYN TOI MTION MM PN
,DPVOMNITN DY DMIDMY DMWY PN DNNNNN DY MTIDN OO PN NISIND .NNNND DY
LDXNNSN YT DY OMNWN MITIDN DY NOYWPN TO YTOIN TNSD NMIPN NIXRT INNY 0NN DM N
NMVN DX TIWNY YT OMYN DTN MNIYN YIIND NNX HI2 DXNNY O) XTI PINKD NIPNI
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NY ©oyn 702 Cl, Na ,K ,P N »115¥ 992010 DOVINONITIPRNDN NPYTLN .DXNNSN DIPXRN NYINN

NNNYNA NPTIINN NN ONYWA N¥PR 02 PN Mg -1 Ca 1157 TR NIMYN MNIYA 0NY PN
DINT DY MDD NN NTIAYI MNIXINN MXRXIND DI PIXY (2 NADI) NAIYNN IN DPNIVIN INIYD
7252 NYIOINN MNIVN YNV DINNY

Table 4. Element concentration in rose harvested flowering stems (14.3.03)
Tr N P K Na Cl Ca Mg Fe Mn Zn
g/100 g mg/kg
Leaves
IRV5.5  2.00 0.34 2.10 0.50 1.10 0.75 0.34 208 70 48
2SH2.7  2.74 0.56 2.50 0.46 0.55 1.10 0.31 318 90 60
3RV2.7 274 0.63 2.30 0.41 0.45 1.03 0.31 293 105 30
4SH4.0  2.79 0.62 2.20 0.49 0.55 0.81 0.31 225 78 25
5RV4.0 221 0.45 2.20 0.44 0.50 1.06 0.43 238 85 60
6WP2.7 2.70 0.56 2.10 0.40 0.40 1.01 0.31 243 118 53
TWP4.0 2.48 0.49 1.90 0.43 0.60 0.78 0.30 225 55 43
EC means
RV 2.47£0.37 0.54+0.13 2.25+0.07 0.42+0.02 0.474+0.03 1.04+0.02 0.37+0.08 265+£39 95+14 45+21
WP 2.59+0.15 0.52+0.05 2.00+0.14 0.42+0.02 0.50+0.14 0.89+0.16 0.30+0.01 234+13 87+45 48+7
SH 2.76+0.04 0.59+0.04 2.35+0.21 0.47+0.02 0.55+0.10 0.95+0.20 0.31+£0.10 271+66  84+8 42425
Climate means
EC2.7 2.73+£0.02 0.58+0.04 2.30+0.20 0.42+0.03 0.47+0.08 1.05+0.05 0.31+£0.10 285+38 104+14 48+16
EC4.0 2.49+0.29 0.52+0.09 2.10+£0.17 0.45+0.03 0.55+0.05 0.88+0.15 0.35+0.07 229+7  73£16 43+18
Stems
1RVS5.5 1.05 0.45 0.76 1.10 0.56 0.27 0.25 120 20 25
2SH2.7 1.21 0.44 1.10 0.35 0.28 0.33 0.21 135 28 28
3RV2.7 1.14 0.40 0.93 0.37 0.24 0.27 0.18 155 18 35
4SH4.0 1.20 0.36 0.70 0.76 0.40 0.32 0.17 223 15 30
5RV4.0 1.11 0.42 0.76 0.68 0.44 0.24 0.19 110 10 20
6WP2.7 1.08 0.40 1.05 0.41 0.20 0.30 0.17 470 18 30

TWP4.0 1.14 0.36 0.87 0.62 0.40 0.29 0.20 128 13 18
Buds

IRVS.S  2.13 0.33 1.90 0.43 0.19 0.24 0.19 100 38 23

2SH2.7  2.19 0.38 2.00 0.34 0.07 0.33 0.16 65 55 20

3RV2.7  2.18 0.36 1.93 0.32 0.13 0.21 0.15 103 45 32

4SH4.0 2.14 0.32 1.93 0.35 0.11 0.20 0.14 78 33 35

SRV4.0  2.09 0.34 1.93 0.35 0.06 0.21 0.14 150 23 28

6WP2.7 221 0.35 1.93 0.31 0.11 0.24 0.16 100 55 25
TWP4.0  2.16 0.32 1.93 0.31 0.07 0.22 0.17 85 28 28
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Table 5. Element concentration in leaves, stems and buds of harvested rose flowering stems (16.7.03)

TR N P K S Ca Mg Na Cl Fe
2/100g
Leaves

IRVS5.5 1.6 0.20 2.7 0.67 0.57 0.21 0.36 0.53 169
2SH2.7 1.6 0.18 2.4 0.64 0.81 0.22 0.33 0.32 207
3RV2.7 1.6 0.20 2.7 0.70 0.91 0.23 0.36 0.27 219
4SH4.0 1.6 0.17 2.2 0.53 0.88 0.25 0.31 0.38 187
5RV4.0 1.7 0.18 2.7 1.47 0.77 0.21 0.34 0.39 181
6WP2.7 1.8 0.18 2.7 0.73 0.83 0.23 0.36 0.22 198
TWP4.0 1.9 0.22 2.8 0.61 0.69 0.23 0.37 0.32 267

EC means
RV 1.65+0.07 0.1940.07 2.70+0.10 0.69+0.02/0.84+0.10 0.22+0.01 0.35+0.1 ' 0.33+0.08 200+27
WP 1.85+0.07 0.20%0.03|2.75£0.07 0.67+0.08/0.76£0.10 0.23+0.10 0.36+0.01 0.27£0.07 232+49
SH 1.60+0.10 0.1840.01 2.30+0.14 0.59+0.08/0.84+0.05 0.23+0.02 0.32+0.01 0.35+0.04 197+14
Climate means
EC2.7 [1.6740.11 0.19+0.01 2.60+0.17 0.69+0.04 0.85+0.05 0.23+0.01 0.35+0.02 0.27+0.05| 208+11
EC4.0 1.73+0.15 0.19+0.03|2.56+0.32 0.61+0.08 0.78+0.10/0.234£0.02| 0.34+0.03 0.36%0.04 212+48

Stems
IRV5.5 1.6 0.34 1.3 - 0.26 0.15 0.49 0.30 -
2SH2.7 1.1 0.30 1.3 - 0.31 0.12 0.30 0.20 -
3RV2.7 1.1 0.26 1.4 - 0.36 0.15 0.28 0.25 -
4SH4.0 1.1 0.26 1.4 - 0.32 0.13 0.36 0.27 -
5RV4.0 1.0 0.28 1.3 - 0.30 0.13 0.28 0.26 -
6WP2.7 1.0 0.27 1.4 - 0.30 0.13 0.27 0.15 -
TWP4.0 1.0 0.27 1.1 - 0.23 0.12 0.39 0.21 -

Buds

IRVS.S 1.6 0.24 2.6 0.52 0.30 0.20 0.33 0.16 113
2SH2.7| L6 0.25 24 0.52 0.48 0.20 0.31 0.17 142
3RV2.7| 1.6 0.25 2.6 0.63 0.86 0.22 0.31 0.13 175
4SH4.0| 1.5 0.24 24 0.48 0.30 0.20 0.33 0.16 102
5RV4.0 1.5 0.26 2.8 0.48 0.28 0.20 0.34 0.15 111
6WP2.7) 1.7 0.26 2.6 0.51 0.32 0.20 0.31 0.15 112
TWP4.0/ 1.6 0.26 2.6 0.51 0.31 0.20 0.31 0.13 112

Mn
mg/kg

85
160
172
196
165
165
112

168+5
13837
17825

1666
15842

50
79
9
69
70
63
57

Zn

183
56
73
50

62

8619
63+2
534

658
71+26

68
48
95
52
84
47
60
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Table 6. Element concentrations in entire rose plants sampled on 16/7/03

Tr

1RV5.5
2SH2.7
3RV2.7
4SH4.0
5RV4.0
6WP2.7
TWP4.0

RV
wp
SH

2.7dSm
4.0dSm

IRV5.5
2SH2.7
3RV2.7
4SH4.0
5RV4.0
6WP2.7
TWP4.0

IRV5.5
2SH2.7
3RV2.7
4SH4.0
5RV4.0
6WP2.7
TWP4.0

N

1.3
1.4
1.6
1.4
1.4
1.7
1.7

1.50+0.14
1.70+0.02
1.40+0.03

1.57+0.15
1.50+0.17

1.7
1.3
1.3
1.4
1.4
1.2
1.3

1.4
1.5
1.6
1.4
1.3
1.7
1.7

P

0.17
0.16
0.18
0.16
0.16
0.18
0.28

0.17+0.014
0.23+0.07
0.16+0.02

0.17+0.01
0.20+0.07

0.47
0.34
0.48
0.43
0.37
0.35
0.37

0.24
0.24
0.33
0.23
0.21
0.24
0.25

K

1.8
2.2
2.0
2.0
2.0
2.2
2.5

2.0+0.01
2.35+0.21
2.10+0.14

2.1+0.11
2.2+0.29

0.62
0.69
0.56
0.84
0.69
0.69
0.62

2.4
24
23
2.6
23
23
2.8

Ca Mg Na Cl
g/100 g
Leaves
1.3 0.35 0.49 1.15
1.4 0.28 0.33 0.47
1.3 0.25 0.29 0.31
1.4 0.32 0.34 0.51
1.5 0.34 0.34 0.69
1.4 0.25 0.31 0.29
1.4 0.32 0.39 0.39
EC means (excluding 5.5 dS/m)
1.40+£0.14  0.29+0.06 0.31+£0.03  0.50+0.27
1.40+0.01  0.28+0.05 0.35£0.06  0.34+0.07
1.40+£0.01 0.30+0.03 0.33£0.01 0.49+0.03
Climate means
1.37+0.06  0.26+0.02 0.31£0.02  0.36+0.10
1.43£0.06  0.33+0.01 0.36+£0.03  0.53+0.15
Stems
0.71 0.29 0.39 0.47
0.54 0.18 0.26 0.18
0.51 0.23 0.37 0.25
0.51 0.23 0.34 0.36
0.70 0.24 0.31 0.36
0.45 0.19 0.24 0.19
0.34 0.19 0.23 0.25
Buds
0.79 0.25 0.41 0.20
0.84 0.27 0.33 0.20
0.71 0.23 0.31 0.18
0.74 0.25 0.34 0.21
0.82 0.28 0.29 0.19
0.47 0.21 0.31 0.17
0.59 0.21 0.34 0.17

Fe

291
365
278
260
360
244
279

319+58
261£25
321+74

296+62
300+53

211
310
186
235
469
293
139

Zn
mg/kg

80
63
45
132
31
69
216

38+10
142+100
97+49

59+12
12693

62
174
181
81
79
49
63

197
295
249
291
337
301
196

293+62
248+74
293+3

282428
275+72

94
148
112
124
146
98
80
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(16.7.03) DN DDA DHYN NNX DPNYN DAY MTIO? 711377 PA NINNYN .7 DAV

Table 7. Comparison between element concentration in harvested
flowering stems (HFS) and in entire plant (SEP) sampled on
16/7/03 (all treatment means):

Tr N P K Na Cl Ca Mg
g/100 g
Leaves
HFS 1.67 0.19 2.60 0.35 0.35 0.78 0.23
SEP 1.50 0.18 2.10 0.36 0.54 1.39 0.29
Average 1.58  0.185 2.35 0.355 0.445 1.08 0.26

F ns ns ns ns 7.2% 13.%%  4.5%
Stems

HFS 1.1 0.28 1.31 0.34 0.23 0.30 0.13

SEP 1.4 0.40 0.67 0.31 0.29 0.54 0.22

Average 1.25 0.34 0.99 0.32 0.26 0.42 0.18

F 5.7%  24.%%%  J4Q%** ns ns 2] HHk 33k
Buds

HFS 1.6 0.25 2.6 0.32 0.15 0.41 0.20

SEP 1.5 0.25 2.4 0.33 0.19 0.71 0.24

Average 1.55 0.25 2.5 0.325 0.17 0.56 0.22
F ns ns ns ns 17 %% 51.%%  8.1%*
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DXMYI) Y N N (DNWN DNV DD NNTN NODIN TOY N2V ET) o 1180 .7 nHav
DYONPNN DMNNIN DY THIX RTINS DY) DOV NN Y DY YXINN 110 DPYNI L(DOWN NN 1VPIV
.13.7.03-13.5.02)) » 01N NOPN 535

Table 7. Overall (13.5.02-13.7.03) water balance, rose cut flower dry matter production,
and flowering stem fresh weight in relation to recycled solution threshold EC (5.5, 4.0 or
2.7 dS/m) and greenhouse climate (roof ventilation RV, wet pad WP, and screen shading
SH)

Treatment Flowering stems” Cumulative | Fresh water | Disposed Total
DM"  Specific wt Fresh wt ET Added Water DM®

gm’ gFW/cm g/stem mm mm mm g /m?

IRV5.5 | 1026 0.44 20.9 983 1127 144 2102
5RV4.0 | 1320 0.40 21.0 1053 1293 241 2400
3RV2.7 | 1376 0.39 21.7 1091 1687 596 2656
TWP4.0 | 1723 0.42 25.1 947 1109 162 3108
6WP2.7 | 1491 0.39 25.0 877 1407 524 2846
4SH4.0 1202 0.38 21.4 852 1067 213 2141
2SH2.7 | 1219 0.37 223 949 1507 556 2423

* All size cut flowers; fresh weight and specific weight are all length group means

® Dry matter weight=harvested cut flowers fresh weight x %DM (23.3%, Kramer et al., 2002)

“Total DM=harvested flowering stems (column 2 this table)+entire plants in greenhouse at experiment
termination (776, 904, 980, 639, 780, 1055, 1085 g m’, treatments 1 to 7, respectively)+pruned material
removed during the growth period (~ 300 g DM/m” for all treatments)

V2N OO )IND

0°9N) /N P 93-T¥-80 -) DM NN 596-T¥-524 NNTN NA»N /0787 2.7 5¥ EC 90 Sy nnw
-TY-160 NNTN NN /0787 4.0 ¥ EC 90 Dy Ny ; (RV )30 oomaxm WP )»va ovomin
=) 077 144 TN TNN 7PN /o787 5.5 EC q0av Tva (0730 oymnnn) N P 50-T7y-25 - 071 240
15% -3) RV5.5 51900 Yin 0219010 552 2050 730 1PN 13NN (3 1Yav) 7252 on1/ N awp 28
13 91902 ET -1 5w 91> noayn » 1 DY NN 1POONY IR L(1HIND ION 1T 91902 90w N Jon
901N NONHNA T N 1157 9195 M0 NOMHN NJID NAVIN NIOINY N Mnd 1ov

DXNNNA NIRYDY MNONN NNTY NN (CEy ) 90PN 293y 7021 IR¥MY N mnd 0°219°0n 731

oy (SH4.0 :H9v) 1.73 -5 (RVS.5 590) 1.12 ypa vy EPy »pon CFy onon (EPN) »190 opoa
.(8 1Y2V) 1.39 HW YN
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339

Fig. 11. Fraction of daily ET of 30 minute ET increments (midnight to midnight) along three
days in studied treatments (Treatment RV5.5 had no weighing lysimiter and therefore is not
included in the Figure).
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Table 8. Overall (13.5.02-13.7.03) water use efficiency (WUE), N balance, and N
concentration in transpiration stream (Cy) in relation to recycled solution threshold EC (5.5,

4.0 or 2.7 dS/m) and greenhouse climate (roof ventilation RV, wet pad WP, and screen

shading SH)

Tr WUE? Added N uptake® Disposed | Balance® Gy

N Cut Flwr Plants Prunned N N
L/kg DM | g/m® grh g/m’ greenhouse g/m’ gth | g/m” grh | mg N/L

IRVS.5 468 74.5 133 119 3.9 28 13.4 30
5RV4.0 439 87 172 10.9 3.9 49 2 30
3RV2.7 411 134 179 13.5 3.9 93 6 32
TWP4.0 305 74 224 16.2 3.9 25 2.5 45
6WP2.7 308 124 19.4 14.6 3.9 80 2 43
4SHA4.0 380 74 15.6 9.0 3.9 42 -0.5 33
2SH2.7 392 127 15.8 123 3.9 88 3 34

* Cumulative ET/total DM production ° Cut Flwr=cumulative N in harvested cut flowers; Plants=N in entire
plants found in the greenhouse at experiment termination; Prunned=N in prunned shoots removed from
greenhouse during the experiment (found to be ~300 g DM/m? in all treatments; % N assumed to be 1.3%
[~mean %N in entire plant]) N balance=Added N - N uptake - Disposed N - N leftover in solution. N
leftover was estimated to be 4 g N/m? greenhouse (54 L tuff/m?, 6=0.50 L/L tuff, 150 mg N/L tuff solution)

4 C\=N uptake/cumulative ET (mg/L)

(ECthr) momnn nnTno qon 7Iva MOND (DX37INN 9I) DX TN PLP Y DY 720NN 912> .12 TN
:NANNN P IRNYN (WP) nY y3vm (SH) n5O8N L,(RV) 20 N : N »mown nwdva

Y =-39.3 (ECthr — 4.0) + 271.4 2]

300 Ro‘se, all Iengtr groups
N 1 ‘
E —
S250 | 4 :
= " n
'c | |
1, | |
> 200 - 1 1
I | |
2 eRV mSH AWP

150 : 1 : 1 ‘ i

2 3 4 5 6
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Y =584.3 [%P2] + 122.75 R*=0.62; F=8.1* [3]
tse 2054 46.0 [%P2] = 0.19-10-0.30%
F 8.1% 7.1%

Y = 484.2 [%P2] — 420.85 [%Nal] + 331.1 R2=0.94; F=30.4%* [4]

+s.e. 95.0 924 50.6 [%Nal] = 0.40-t0-0.50%
F 14.1** 11.2% ns
a=0.983 [Fe;] — 56.76 R’ = 0.85; F=28.7** [5]
+s.e. 0.18 37.8 [Fes] = 169-t0-267 mg Fe/L
F 28.7%* ns
a=1.331 [Fes;] —953.0 [%P3] + 53.43 R?= 0.975; F=76.3*** [6]
+s.e. 0.116 217 30.6 [%P3] = 0.17-t0-0.22%
F 131 ** 19.2% ns
al =-18.90 [%K;] + 52.80 R?= 0.85; F=46.2*%* [7]
+s.e 3.54 7.76 [%K ] = 1.9-t0-2.5
F 46.2%* 28.5%*

al =-19.58 [%K,] - 10.64 [%Cl;] + 57.98 R>=0.975; F=76.3**  [g]
+s.e. 2.79 5.20 6.57 [%Cls] = 0.22-t0-0.53%
F 49 ** ns 77.9%%
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Appendix 1. Set points for climate control in the various treatments.

Set points ventilation Summer Regime

Cha | West wall East wall | Roof Fa | Shade Wet pad North end roll-up
mber n
1 closed/night | open/night Toper= 25°C off from 4
closed/day | open/day CE) = 23°C
Closed/night
2 open/night Topen= 25°C off | Rg>600 extend from 4
open/day | - _ 930C Rg<400  fold
Closed/night delay 5 minute
3 open/night | 1 —25°C | off from 4
open/day | —23oC
Closed/night
4 open/night Topen— 25°C | off | Rg>600 extend Topen— 22°C
Opeﬂ/day Telose= 23°C Rg<400 fold Teiose= 20°C
Closed/night delay 5 minute Closed/night
s open/night Topen 25°C | off Topen 22°C
open/day |, —23°C Teiose= 20°C
Closed/night Closed/night
6 open/night Topen_ 25°C! Topen= 25°C Topen 22°C
Open/day close 23°C TCIOS(’«: 23°C close 20°C
Closed/night Closed Closed/night
7 closed/nig Topen= 25002 off Topen=25°C | Topen= 22°C
ht Tetose= 23°C Tetose= 23°C | Tejose= 20°C
closed/day | closed/night Closed Closed/night

* In chambers 6, 7 (WP): Roof ventilation when wet pad and fan ara off.

Heating set points: Night 17 C on 18 C off
10Con 11 C off

Day

Original

file:

! roof ventilated when wet pad and fan off
? roof ventilated when wet pad and fan off

../Rose/BesClosedMarcel xls
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Appendix 2. Element concentration in leaves sampled on 17.6.03 (end of experiment) in mid chamber rows
and in west and east chamber rows. Three leaf groups were sampled: entire plant all leaves, diagnostic
leaves (5™ from top), and bottom leaves (10-30 cm).
Tr N P K Na Cl Ca Mg Fe Mn Zn
g100g ngkg
Dianostic keaves (5th from top ) mid chanber rows
1IRV5.5 1.8 0.23 2.2 0.42 051 | 0.61 023 335 91 39
2SH2.7 1.8 020 23 0.41 032 | 1.10 028 - 220 63
3RV2.7 1.9 020 2.0 0.37 037 | 1.00 025 308 213 50
4SH4.0 1.8 022 22 0.48 044 | 0.80 025 271 171 184
SRV4.0 1.8 0.21 2.3 0.39 046 = 0.94 029 346 205 112
6WP2.7 2.3 0.24 2.5 0.39 023 .22 028 230 258 49
TWP4.0 2.3 024 2.0 034 027 08 024 192 130 -
Mean 1.9 02 2.2 04 0.4 09 0.3 | 2803 184.0 82.8
Al plant leaves mid chanber rows
1IRV5.5 1.3 0.17 1.8 0.49 1.15 13 035 291 197 80
2SH2.7 1.4 0.16 2.2 0.33 047 14 028 365 295 63
3RV2.7 1.6 0.18 2.0 0.29 031 13 025 278 249 45
4SH4.0 1.4 0.16 2.0 0.34 051 14 032 260 291 132
SRV4.0 1.4 0.16 2.0 034 069 15 034 360 337 31
6WP2.7 1.7 0.18 2.2 0.31 029 14 025 244 301 69
TWP4.0 1.7 0.28 2.5 0.39 039 14 032 279 196 -
Mean 1.5 02 2.1 04 0.5 14 0.3 | 2967 266.6 70.0
Bottom p lnt part kaves mid chamber rows
1IRV5.5 1.6 0.24 2.3 0.59 107 = 093 032
2SH2.7 1.7 0.23 3.1 0.53 051 | 093 025
3RV2.7 1.9 024 2.7 046 057 @ 093 025
4SH4.0 1.7 0.23 2.7 0.49 060 | 0.66 028
SRV4.0 1.7 0.21 2.5 0.42 059 | 092 028
6WP2.7 1.9 0.31 2.7 0.42 047 @ 0.92 026
7TWP4.0 1.9 0.31 2.5 0.4 048 @ 070 025
Mean 1.8 03 2.7 05 0.6 09 0.3
Al plant leaves chamber west row
1IRV5.5 1.4 0.17 1.8 034 075 12 031
2SH2.7 1.6 | 017 22 | 033 045 13 026
3RV2.7 1.4 0.16 1.7 0.29 044 12 024
4SH4.0 1.3 0.15 1.8 0.37 0.71 13 026
SRV4.0 1.4 0.17 1.7 0.29 049 13 025
6WP2.7 1.4 0.17 2.0 0.33 042 13 025
TWP4.0 1.6 0.19 22 036 036 10 022
Mean 1.4 02 1.9 03 0.5 12 0.3
Al plant leaves chamber east row
1IRV5.5 1.5 0.20 1.8 0.59 1.08 1.1 028
2SH2.7 .5 1 017 20 | 033 050 14 028
3RV2.7 1.5 0.17 1.7 0.34 039 13 024
4SH4.0 1.4 018 20 | 041 063 13 027
SRV4.0 1.5 0.18 1.8 0.33 057 13 028
6WP2.7 1.6 020 2.0 036 036 13 023
7TWP4.0 1.7 0.23 1.8 0.37 048 12 025
Mean 1.5 02 1.9 04 0.6 13 0.3
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Statistical analysis of leaf group effect on nutrient concentration in leaves (all treatment
means)

Leaf group' | N P K Na Cl Ca Mg
g/100 g

DL 20a 0.22b 22D 0.40b 0.37 09c 0.26b
AL 1.5¢ 0.18 ¢ 2.1bc 0.36b 0.54 l4a 030a
BL 1.8Db 0.25a 26a 0.48 a 0.61 09c 0.27b
F 13.7 8.9 16. 5.6 1.3 22.5 29
PR>F .0001 .0001 .0001 0.002 ns .0001 0.04
Lsdo.os 0.19 0.04 0.25 0.07 0.26 0.16 0.035

'DL=diagnostic leaves; AL=all plant leaves; BL=bottom part leaves



